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PEEFACE 


When,  some  few  years  ago,  it  became  necessary  to  revise 
the  English  Edition  of  the  late  Prof.  Prantl's  Lehrhuch  der 
Botanik^  it  appeared  to  me  that  the  requirements  of  English 
students  would  be  more  satisfactorily  met  if  the  scope  of  the 
work  were  so  extended  that,  whilst  retaining  all  that  has 
made  it  of  value  to  beginners,  it  might  be  more  useful  to 
those  engaged  in  the  advanced  study  of  the  science.  With 
this  object  in  view,  the  number  of  pages  has  been  doubled 
by  additions  to  all  four  parts  of  the  book,  but  more  especially 
to  Part  III.  dealing  with  the  Classification  of  Plants. 

Though  the  form  of  Prof.  Prantl's  book  is  still  retained, 
and  here  and  there  paragraphs  from  the  English  edition 
have  been  inserted,  the  present  is  essentially  a  new  and 
distinct  work  for  which  I  alone  am  responsible,  and,  con- 
sequently, on  the  title-page  of  which  my  name  alone 
appears. 

I  would  most  gratefully  acknowledge  the  assistance 
which  I  have  received  from  my  friend  Dr.  D.  H.  Scott, 
F.E..S.,  Honorary  Keeper  of  the  Jodrell  Laboratory,  Royal 
Gardens,  Kew,  who  has  kindly  read  the  proofs,  and  has 
furnished  me  with  many  valuable  suggestions  and  criti- 
cisms. The  usefulness  of  the  book  is  enhanced  by  the 
incorporation  of  a  number  of  additional  illustrations :  most 
of  these  are  placed  at  my  disposal  by  the  publishers,  from 
their  English  edition  of  Prof.  Strasburger's  Practical  Botany, 
a  few  are  taken  from  various  other  sources  which  are  duly 
acknowledged. 

S.  H.  V. 
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EEKATA. 

Page     8,  line  10  from  bottom,  for  o/read  or. 
„        9,  in  description  of  Fig.  2,  for  zygomorphic  read  isohilateral. 
„     29,  line  6  from  bottom,  Marsilia  should  be  spelt  Marsilea  throughout. 
,,       for  othostichies  read  orthostichies. 
„       for  inhricate  read  imbricate. 
top,  for  tranverse  read  transverse. 
bottom,  for  Ilucorini  read  Mucorince. 

,,       the  bracket  should  follow  the  word  inline. 
,,       omit  that. 

,,       for  chor-zinc-iod  read  chlor-zinc-iod. 
,,       for  mother-eels  read  mother-cells. 
,,       for  mother-ces  read  mother-cells. 
,,       for  Gingko  read  Ginkgo. 
top,  for  Schizeacece  read  Schizceacecs. 
bottom,  for  f/?ai  zs,  are  perpendicular  read  «/ia«  w,  ore 

paraZZeZ. 
top,  for  oi/ter  read  oi^^er. 
bottom,  iov  proiohploem  read  protophloem. 
182,  in  description  of  Fig.  139,  for  Kortex  read  Cortex. 
240,  line  8  from  bottom,  omit  Chlorodictyon. 

,,       ,,     5     ,,  ,,       omit  Godiolum  marine. 

249     ,,  27     „  ,,       for  germinates  read  germinate. 

265,  in  description  of  Fig.  191,  for  oospores  read  oospheres. 
276,  line  9  from  top,  for  asocarp  read  ascocarp. 
308,  in  description  of  Fig.  218,  for  spondia  read  sporidia. 
345,  et  passim,  for  Symphogyna  read  Symphyogyna. 
368,  in  description  of  Fig.  250,  for  seratum  read  serratum. 
372,  line  6  from  top,  conspicious  read  conspicuous. 
bottom,  for  «e  read  «o. 

,,       for  CZass  I.  read  CZass  FIJI. 
,,       for  Glass  I.  read  CZass  IX. 
,,       for  CZass  71.  read  Glass  X. 
top,  for  Glass  I.  read  CZas«  F/ZI. 

,,    omit  Glass  II. 
bottom,  for  Rihes  alpina  read  Ribes  alpinum. 
,,      for  Fam.  1  read  Fam.  3. 
,,       for  inconspicucous  read  inconspicumis. 
top,  for  Theobromo  read  Theobroma. 
„    for  oZa  read  CoZa. 
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GROUP  lY. 

PHANEROGAMIA  (or  SPERMAPHYTA). 

These  are  all  he fceros porous  plants,  having  a  definite  alternation 
of  generations,  which  is,  however,  not  readily  perceived  on  account 
of  the  great  reduction  of  the  sexual  generation,  and  of  the  fact 
that  the  female  gametophyte  remains  enclosed  in  the  macrospore, 
that  the  macrospore  remains  enclosed  in  the  macrosporangium, 
and  that  the  macrosporangium  remains  for  a  long  time  attached 
to  the  sporophyte,  the  result  being  the  development  of  a  seed 
which  constitutes  a  characteristic  feature  of  the  group  (see  p.  217). 

A.  The  Sporophyte.    As  in  the  Pteridophyta,  so  here,  the  plant 
itself  is  the  sporophyte  or  asexual  generation. 

It  is  unnecessary  to  go  into  detail  at  present  with  regard  to  the 
morphology  of  the  vegetative 
organs ;  full  information  is 
given  in  the  section  on  General 
Morphology,  and  subsequent- 
ly in  the  description  of  the 
classes  and  orders. 

The  Reproductive  Organs  of 
the  sporophyte  are  sporangia 
of  two  kinds,  microsporangia 
and  macrosporangia,  which 
are  usually  borne  on  sporo- 
phylls,  but  sometimes  directly 
on  the  axis :  the  modified 
shoots  bearing  the  sporangia 
constitute  flowers;  and  they 
usually  bear,  in  addition  to 
the  sporophylls,  other  floral 
leaves  (hypsophylls,  see  p. 
79),  protective  or  attractive 
in  function,  some  of  which 
usually  constitute  a  perianth. 

The  flowering  shoot  consti- 
tutes an  inflorescence,  which   may  consist  of  one  or  many  flowers, 
according  to  the  extent  to  which  the  shoot  branches. 

The  Flower  (see  p.  76)  is  a  sporangium-bearing  shoot  or  sporo- 
phore  with  usually  undeveloped  or  feebly  developed  internodes, 


Fig.  2S0.— Diagram  of  an  angiospermous 
flower.  Ke  Calyx.  K  Corolla ;  /  filament  of 
stamen ;  a  anther  with  two  pollen-sacs  in  each 
half  which  are  opened,  showing  the  pollen- 
grains  (p).  These  fall  on  the  stigma,  and  the 
pollen-tu1)e  (ps)  penetrates  the  style  (g)  as 
far  as  the  cavity  of  the  ovary  (F),  reaching 
the  ovule  (S)  ;  i  the  integument  of  the  ovule; 
em  the  embryo- sac.    E  The  oosphere. 


V.  S. 
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SO  that  the  sporophylls  and  hypsophylls  which  it  bears  are  closely 
aggregated  together.  Most  commonly  the  flower  is  ambisporan- 
giate  (monoclinous,  or  hermaphrodite),  but  it  is  frequently  mono- 
sporangiate  (unisexual)  :  in  the  latter  case  there  are  two  kinds  of 
flowers,  microsporangiate  and  macrosporangiate,  which  may  be 
borne  by  the  same  individual,  when  they  are  said  to  be  diclinous 
and  monoecious ;  or  by  two  distinct  individuals,  when  they  are 
dioecious  (see  p.  86).  Occasionally  the  same  plant  produces  both 
ambisporangiate  and  monosporangiate  flowers,  when  it  is  said  to 
be  polygamous.  The  microsporangiate  flowers  are  frequently 
termed  staminate,  and  the  macrosporangiate  flowers  carpellary 
(p.  78)  :  the  former  are  indicated  by  the  sign  (^ ,  the  latter  by 
the  sign  ? ,  and  ambisporangiate  flowers  by  the  sign  ^ .  In  the 
Gymnosperms  the  flower  is  always  monosporangiate ;  in  the  An- 
giosperms  it  is  generally,  though  by  no  means  always,  ambispor- 
angiate. The  flower 
of  the  Gymnosperms 
is  nearly  always  de- 
stitute of  a  perianth. 
The  special  mor- 
phology of  the  Feri- 
anth  is  dealt  with 
under  the  Angio- 
in  which 
attains  its 
develop- 


FiG.  281. — Transverse  section  of  a  young  anther  of  Sam- 
bucus  racemosa  (x80):  c  the  connective  with  the  vascular 
bundle ;  ps  the  four  pollen-sacs  (niicrosporangia^ ;  p  the 
mother-cells  of  the  pollen;  t  tapetal  layer;  u-  the  wall  of 
the  pollen- sac. 


spermae, 

class    it 

highest 
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Sporophylls 
two  kinds : 

microsporophylls,  otherwise  known  as  stamens-,  and  macrosporo- 
phylls,  otherwise  known  as  carpels :  the  former  bear  exclusively 
microsporangia,  the  latter  exclusively  macrosporangia.  The 
sporophylls  present  considerable  variety  of  form,  and  are  on  the 
whole  more  highly  specialised  than  in  any  of  the  Pteridophyta. 

The  microsporophyll,  or  stamen  (see  p.  78),  in  its  most  highly 
specialised  form,  consists  of  a  stalk  of  varying  length,  the  filament, 
bearing  a  terminal  structure,  the  anther,  which  is  a  sorus  of  one 
or  more  microsporangia  embedded  in  more  or  less  placental  tissue. 
In  the  less  highly  organised  Phanerogams  (e.^.most  Gymnosperms), 
the  microsporophylls  are  morphologically  simpler,  having  the 
general  character  of  sessile  or  shortl^^-stalked  scaly  leaves. 


GROUP   IV. — PHANEROGAMIA.  433 

The  macrosporophyll,  or  carpel,  bears  (usually)  macrosporangia 
(see  p.  78).  In  the  Angiosperms  the  carpel,  either  by  itself  or  by 
cohesion  with  others,  forms  a  closed  cavity,  the  ovary,  which  is 
frequently  prolonged  at  its  apex  into  a  longer  or  shorter  process, 
the  style,  bearing  at  its  summit  a  glandular  surface,  the  stigma : 
sometimes  the  style  is  absent,  so  that  the  stigma  is  sessile  on  the 
ovary;  within  the  ovary  the  macrosporangia  are  developed.  In 
the  Gymnosperms,  the  macrosporophylls  (when  present)  do  not 
cohere,  either  individually  or  several  together;  so  that  in  this 
group  there  is  no  ovary,  style,  or  stigma;  they  are  thus  distin- 
guished from  the  Angiosperms,  in  which  there  is  always  an 
ovary. 

The  Sporangia  are  of  two  kinds;  microsporangia  or  poUen^sacs, 
and  macrosporangia  or  ovules.  The  development  of  the  sporangium 
is,  in  both,  eusporangiate  (see  p.  73).  The  sporangia  are,  as  a 
rule,  borne  on  the  sporophylls ;  but  in  some  few  cases  (e.g.  micro- 
sporangia  of  Naias,  Casuarina ;  macrosporangia  of  Taxus,  Poly- 
gonum, PrimulacesB,  etc.)  they  are  borne  on  the  axis. 

The  microsporangia,  or  pollen- sacs,  may  be  developed  either 
singly  or  in  a  sorus  of  two  or  more ;  they  may  be  very  numerous 
on  the  sporophyll,  as  in  the  Cycadaceee.  When  borne  on  the 
sporophylls,  they  are  developed  on  the  lower  (dorsal)  surface  of 
the  microsporophyll  in  the  lower  forms  {e.g.  Cycadaceee,  Coniferae); 
whereas  in  the  Angiosperms  they  are  usually  developed  both  on 
the  upper  (ventral)  and  the  lower  surfaces. 

The  microsporangia  either  project  freely  or  are  embedded  in  the 
placental  tissue  of  the  member  bearing  them.  The  multicellular 
hypodermal  archesporium  is  either  a  row  or  a  layer  of  cells.  The 
archesporial  cells  undergo,  as  a  rule,  division,  giving  rise  to  the 
sporogenous  cells  together  with  a  more  or  less  extensive  transitory 
layer  of  investing  cells,  the  tapetum,  which  is  eventually  dis- 
organised. 

The  microsporangium  is,  as  a  rule,  unilocular;  but  in  a  few 
Angiosperms  some  of  the  sporogenous  cells  are  sterile  and,  instead 
of  giving  rise  to  spores,  constitute  walls  which  render  the  micro- 
sporangium  multilocular.  The  septa  are  either  transverse,  so  that 
the  loculi  are  in  a  vertical  row  (e.g.  species  of  Mimosese ;  also  some 
Onagraceoe,  such  as  Circrea,  Gaura,  Clarkia)  ;  or  both  transverse 
and  longitudinal,  as  in  Rhizophora  and  Viscum. 

The  microsporangium  eventually  dehisces,  generally  by  a  longi- 
tudinal  slit,  less   commonly  by  a   transverse   slit  or  by  a  pore. 
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The  dehiscence  is  mainly  effected  by  a  layer  of  tracheidal  cells, 
differentiated  as  part  of  the  wall,  which  are  highly  hygroscopic. 

The  microspores,  or  pollen-grains,  are  developed  from  the  sporo- 
genous  mother-cells  of  the  sporangium.  As  a  rule  each  mother-cell 
divides  so  as  to  give  rise  to  four  microspores,  all  of  which  develope. 
As  a  rule,  also,  the  microspores  eventually  become  quite  free  from 
each  other,  bat  to  this  there  are  exceptions:  thus,  in  the  Mimoseas, 
while  the  pollen-grains  are  isolated  in  some  species,  in  other 
species  they  cohere  in  groups  of  4,  8,  12,  16,  or  32,  derived  from 
one,  two,  three,  or  more  mother-cells;  again,  in  the  Orchidacese, 
whilst  Cypripedium  has  isolated  pollen-grains,  in  most  genera  the 
pollen-grains  are  in  groups  of  four  (tetrads),  and  cohere  into  a 
mass  (or  2-8  masses),  the  pollinium,  of  varying  consistence  (see 
Orchidaceae) :  poUinia  also  occur  in  the  Asclepiadaceae. 

The  microspore  has,  as  a  rule,  the  ordinary  structure  of  a  spore 

(see  p.  69) ;  it  is  a  nucleated 
cell,  with  a  certain  amount 
of  granular  nutritive  mate- 
rial in  its  cytoplasm,  and 
has  two  coats,  an  intine  and 
an  exine,  the  structure  of 
the  latter  being  elaborate 
in  many  cases.  The  spore 
has  not,  however,  always 
two  coats.  In  some  plants 
there  is  no  exine,  and  only 
a  single  thin  coat,  as  in  the 
cells  of  the  poUinia  of  Or- 
chids and  Asclepiads,  and 
in  certain  plants  whose 
flowers  develope  under  water,  such  as  certain  Naiadaceas  (Zos- 
tera,  Posidonia,  Cymodocea,  Naias),  in  Halophila  (Hydrochari- 
daceoe),  and  in  some  species  of  Callitriche.  In  others,  again, 
there  is  but  one  coat,  but  it  is  thick  and  is  cuticularised  externally 
(e.g.  Senecio),  or  the  two  coats  are  only  distinguishable  at  those 
points  at  which  the  pollen-tubes  will  be  eventually  protruded  (e.g. 
OnagracesB,  Cobasa). 

The  exine  is  frequently  highly  differentiated  with  special  refer- 
ence to  the  protrusion  of  the  pollen-tubes  :  it  may  be  porous  (e.g. 
Malvaceae,  Fig.  283)  ;  or  there  may  be  thin  areas  at  certain  points  ; 
or  (Onagraceae)  much-thickened  areas  where  the  pollen-tubes  are 


Fig.  282.—^  Pollen-grain  of  Cucurlita  Pepo, 
showing  the  lid-like  areas  through  which  the 
pollen-tubes  will  protrude  (x240).  B  Section  of 
one  of  these  areas  ( x  540:  after  Strasburger). 
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eventually  developed;  or,  again,  areas  are  marked  off  here  and 
there  which  come  ofF  like  lids  under  the  pressure  of  the  developing 
pollen-tube  (Fig.  282). 

The  development  of  the  microspores  has  already  been  dealt 
with  in  general  (see  p.  125),  so  that  it  will  be  only  necessary 
4iere  to  mention  certain  special  points.  In  the  first  place  there 
is  an  exception  to  the  rule  that  each  mother-cell  gives  rise  to 
four  microspores;  in  Asclepias  each  mother-cell  developes  directly, 
without  division,  into  a  cell  of  the  pollinium,  each  such  cell 
being,  at   any   rate  physiologically,  equivalent  to  a  microspore  ; 


Fro.  293.— Pollen-grains  of  Malva  crispa.  A  Grain  seen  from  surface ;  B  section  of  wall, 
showing  the  exine  with  its  alternate  spines  and  pores,  the  latter  closed  internally  by  the 
delicate  innermost  layer  of  the  exine  ;  C  germinating  pollen-grain  with  pollen-tubes ;  D  the 
same  in  section,  showing  the  protrusion  of  the  pollen-tubes  thronghthe  pores.  (A,  B,  D 
x640;  Cx  240:  after  Strasburger.) 


apparently  the  same  is  the  case  in  Zostera  where,  however,  the 
microspores  are  isolated.  The  mother-cells  of  the  microspores 
either  remain  coherent,  during  the  development  of  the  microspores, 
or  (as  in  many  Monocotyledons)  they  become  free  and  float  in 
the  granular  fluid,  derived  from  the  disorganisation  of  the  tapetum, 
which  fills  the  pollen- sac.  The  walls  of  the  mother-cells  usually 
become  very  much  thickened,  especially  in  the  planes  of  the  future 
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divisions.  The  division  of  the  mother-cell  is  either  successive 
(Monocotyledons,  Cycads),  or  simultaneous  (most  Dicotyledons 
and  Conifers)  ;  in  the  former  case  the  microspores  are  usually 
bilateral,  in  the  latter  tetrahedral.  The  form  of  the  mature 
microspore  varies  widely;  it  may  be  spherical,  etc.  ;  in  plants  in 
which  pollination  takes  place  under  water,  the  microspore  be- 
comes elongated  and  filiform  {e.g.  Zostera,  Posidonia,  Cymodocea, 
and  to  some  extent  also  in  Naiaa),  and  in  Halopliila  the  microspores 
are  aggregated  into  filaments. 

In  some  cases  the  germination  of  the  pollen-grain  begins  before 
it  is  set  free  from  the  dehisced  pollen- sac,  so  that  it  consists  of 
two  (sometimes  more  in  Gymnosperms)  cells  at  the  time  of 
pollination. 

The  macrosporangia,  or  ovules,  are  developed  singly,  or  in  pairs, 
or  more  commonly  several  together,  from  a  more  or  less  well- 
developed  cushion  of  tissue,  the  placenta.  When  the  ovules  are 
borne  on  sporophylls,  the  placenta  is  either  marginal,  or,  less 
commonly,  it  is  ventral,  including  the  whole  of  the  upper  or  inner 
surface  of  the  carpel  with,  sometimes,  the  exception  of  the  mid- 
rib (e.g.  Butomus,  Nymphaea).  When  the  ovules  are  borne  on 
the  axis,  they  are  either  terminal  (e.g.  Taxus,  Polygonum)  or 
lateral  (e.g.  Primulaceae,  Composites). 

The  macrosporangium,  like  the  microsporangium,  makes  its 
appearance  as  a  small  cellular  prominence  on  the  surface  of  the 
organ  which  bears  it,  formed  by  the  division  of  a  group  of 
hypodermal  cells ;  it  is  covered  at  the  surface  by  an  epidermal 
layer  which  usually  remains  single,  though  in  some  cases  (e.g. 
Gymnosperms,  Delphinium,  Helianthemum,  Rosacea?,  Iris  Pseuda- 
corus)  the  epidermal  cells  undergo  repeated  periclinal  divisions  and 
thus  add  considerably  to  the  bulk  of  the  micropylar  portion  of 
the  nucellus. 

The  maci\)sporangium  proper  (sometimes  distinguished  as  the 
nucellus)  is  invested  by  one  or  two  coats,  which  grow  up  from  the 
base,  but  do  not  completely  close  over  the  apex,  leaving  there  a 
narrow  channel  termed  the  micropyle  ;  the  base  of  the  macro- 
sporangium,  whei^  the  coats  and  the  tissue  of  the  sporangium 
proper  become  indistinguishable,  is  termed  the  chalaza.  The 
coats  of  the  ovule  in  Phanerogams  are  the  morphological  equivalent 
of  the  indusium  in  the  Pteridophyta,  though,  in  the  former  the 
sorus  consists  of  a  single  macrospoi'angium ;  but  this  is  also  the 
case  in  Azolla,  Isoetes,  etc.,  among  the  Pteridophyta. 
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The  macrosporangium  is  not,  as  a  rule,  embedded  in  the  placental 
tissue,  and  is  sometimes  borne  on  a  longer  or  shorter  stalk,  the 
funicle.  The  point  of  attachment  of  the  macrosporangium,  whether 
it  be  sessile  or  stalked,  to  the  placenta,  is  termed  the  hilum. 

The  form  of  the  macrosporangium  presents  many  varieties, 
of  which  the  following  are  the  more  common.  When  the  micro- 
pyle,  the  chalaza,  and  the  funicle  (or  the  hilum)  all  lie  in  one 
and  the  same  straight  line,  the  ovule  is  said  to  be  orthotropous : 
when  the  micropyle  and  the  chalaza  lie  in  the  same  straight  line, 
but  not  the  funicle,  the  ovule  being  bent  back  against  the  funicle 
(termed  the  raphe  along  the  line  of   contact),  the  ovule  is  ana- 


Fi».  284.— Diagrams  of  the  Ovulev  J^  OrthotropouSv  P  Anatropous.  C  Campylotropous. 
/  Funicle;  ai  the  outer  integument;  ii  the  inner  integument ;  m  micropyle;  fcnucellus; 
em  embryo-sac ;  r  the  raphe ;  e  chalaza. 


tropous;  when  the  ovule  itself  is  curved,  so  that  the  micropyle 
and  the  chalaza  do  not  lie  in  the  same  straight  line,  the  ovule  is 
campylotropous.  Various  intermediate  forms  occur  which  may  be 
easily  imagined. 

The  archesporium  (see  p.  73),  which  here,  as  elsewhere,  is 
hypodermal,  consists  generally  of  one  cell,  though  sometimes 
apparently  of  several  lying  side  by  side  {e.g.  Casuarina;  some 
Rosaceae,  such  as  Rosa  livida,  Fragaria  vesca,  Cydonia  japonica^ 
Sanguisorba  pratensis ;  possibly  also  some  Gyranosperms,  Gnetura, 
Taxus,  Ginkgo,  Thuja).  In  some  cases  the  archesporial  cell 
undergoes  no  division  (e.g.  Tulipa  Qesneriana^  lAlium  hulhiferum) 
but  directly  developes  into  the  mother-cell  of  a  macrospore  ;  but, 
as  a  rule,  the  archesporial  cell  (or  cells)  undergoes  more  or  less 
frequent  division.  Thus,  in  most  Phanerogams,  the  division  of 
the  archesporial  cell  begins  with  the  cutting  off,  by  a  periclinal 
wall,  of  a  sterile  cell  towards  the  organic  apex  (micropylar  end) 


438  PART    III. THE    CLASSIFICATION    OF    PLANTS. 

of  the  macrosporangium — or  sometimes  two  snch  sterile  cells — 
which,  with  or  without  further  division,  represent  a  tapetal  layer. 
The  large  remaining  cell  now  undergoes  division  into  two  by  a 
transverse  wall,  and  one  or  both  of  these  cells  may  divide  in  a 
similar  manner.  Thus  a  longitudinal  row  of  large  cells,  two  to 
four  in  number,  is  formed,  all  of  which  are  potentially  mother- 
cells  of  macrospores.  In  some  plants  (e.g.  Senecio  and  other 
gamopetalous  Dicotyledons  ;  Orchis  pallenSj  Gymnadenia  Conopsea, 
and  some  Grasses,  among  Monocotyledons)  no  tapetal  cells  are 
cut  off.  In  a  few  plants  (Cycads,  Callitris  quadrivalvis,  Cupressus 
sempervirens,  among  Gymnosperms ;  Casuarina  and  some  other 
Amentales,  among  Angiosperms)  the  growth  of  the  archesporial 
cells  is  more  extensive,  leading  to  the  production  of  a  considerable 
mass  of  sporogenous  tissue,  as  in  the  macrosporar)gia  of  the 
Pteridophyta. 

Generally  speaking,  only  one  of  the  cells  of  the  sporogenous 
tissue  shows  any  sign  of  developing  into  a  macrospore ;  and  in 
the  normal  Angiosperms,  this  cell  is  generally  the  lowest  (nearest 
the  chalaza)  of  the  longitudinal  row  described  above.  In  some 
exceptional  cases  (e.g.  llosa  Uvida,  Casuarina,  Taxus,  Ginkgo, 
Thuja,  Gnetum)  several  of  the  potential  mother-cells  begin,  at 
least,  to  develope,  though  even  in  these  cases  only  one  of  them, 
as  a  rule,  ultimately  gives  rise  to  a  fertile  macrospore. 

The  growth  of  the  fertile  mother-cell  of  the  macrospore  is 
vigorous.  It  causes  the  displacement  and  absorption  of  the  sterile 
cells  of  the  sporogenous  tissue.  But  Casuarina  is  an  exception 
in  this  respect ;  here  the  numerous  (as  many  as  twenty)  mother- 
cells  all  grow  with  equal  vigour,  and,  as  they  do  not  attain  a 
large  size,  there  is  space  for  them  all  in  the  macrosporangium. 
Casuarina  is  further  peculiar  in  that  some  of  the  small  sterile 
cells  of  the  sporogenous  tissue  develope  into  tracheidal  cells 
somewhat  resembling  the  elaters  of  the  Hepaticse. 

The  macrosporangium  is  indehiscent,  and  only  becomes  de- 
tached from  the  plant  after  it  has  developed  into  a  seed. 

The  macrospore  or  embryo-sac  is,  as  a  rule,  developed  singly  in 
the  macrosporangium ;  and,  further,  it  is  always  developed  singly 
from  its  mother-cell  without  any  indication  of  that  division  into 
four  which  is  characteristic  of  the  development  of  spores  in 
general.  It  is  in  fact  impossible,  as  a  rule,  to  fix  upon  any 
stage  at  which  the  transition  from  macrospore-mother-cell  to 
macrospore  may  be  considered  to   take  place  ;  for  the  mother-cell 
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simply  grows  and  becomes  the  macrospore  without  any  special 
differentiation.  However,  in  the  Cycadacese,  the  wall  of  the 
mother- cell  undergoes  that  differentiation  which  is  characteristic 
of  spores,  so  that  the  wall  of  the  macrospore  consists  of  two 
layers  the  outer  of  which  is  cuticularised.  The  macrospore  is 
simply  a  large  cell,  containing  vacuolated  protoplasm  in  which 
lies  a  nucleus,  and  having,  as  a  rule,  a  wall  of  cellulose. 


Fig.  285.— Torenia  asiatica.  A  Two  anatropous  ovules  en  the  placenta  p ;  e  apex  of 
embryo-sac  projectinsr  beyond  the  micropyle  ;  e*  its  broad  chalazal  end  in  the  ovale ; 
'■funicle;  i  integument  ( x 240).  BaudC  Free  apex  of  embryo-sac,  with  egjf-apparatus, 
before  fertilisation  ;  fl  caps  of  the  synergidse ;  o  oosphere.  D  and  E  The  process  of  fertili- 
sation ;  t  the  pollen-tabe ;  /  part  of  the  funicle  ( x  600 :  after  Strasburger). 

In  the  course  of  its  growth,  the  macrospore  frequently  causes 
the  absorption  of  more  or  less  of  the  tissue  of  the  nucellus,  more 
especially  towards  the  micropylar  end.  It  commonly  attains 
such  a  size  that  little  or  none  of  the  nucellar  tissue  i-emains,  and 
it  may  even  project  beyond  the  micropyle  (e.g.  Santalum,  Torenia 
asiatica,  Fig.   285)  ;  and    in  many  gamopetalons  Dicotyledons  it 
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developes  tubular  outgrowths,  whicli  penetrate  into  and  destroy 
the  tissue  of  the  integument  (e.g.  Rhinanthus,  Lathrsea,  some 
Labiatae).  In  some  cases,  however  (e.g.  Grymnosperms,  Scitamineae, 
most  Nymphseaceae,  Piper),  the  macrospore  does  not  grow  to  such 
an  extent,  so  that  a  considerable  mass  of  nucellar  tissue  is  left, 
which  persists  to  some  extent  in  the  seed  as  perisperm,  its  cells 
being  then  filled  with  nutritive  substances.  This  may  be  due,  as 
in  the  Gymnosperms,  to  the  fact  that  the  macrospore  is  covered, 
towards  the  micropyle,  by  a  mass  of  nucellar  tissue  formed  by 
the  growth  and  repeated  division,  both  periclinal  and  anticlinal, 
of  either  the  tapetal  cell,  or  of  the  apical  epidermal  cells  of  the 
ovule,  or  of  both  ;  or,  as  in  the  other  cases,  to  the  fact  that  the 
macrospore,  in  its  growth,  which  is  relatively  slight,  does  not 
absorb  the  chalazal  portion  of  the  nucellar  tissue. 

General  Histology.  The  following  are  the  principal  characteris- 
tic features : — The  apical  growth  of  shoot  and  root  is  only  excep- 
tionally effected  by  means  of  a  single  apical  cell :  the  small-celled 
meristem  of  the  growing-point  of  the  stem  is  more  or  less  distinctly 
differentiated  into  dermatogen,  periblem,  and  plerome,  so  that  the 
stem  has  a  true  epidermis :  the  epiblema  of  the  root  is  either  the 
persistent  innermost  layer  of  the  original  many-layered  endodermis 
(most  Dicotyledons,  Gymnosperms),  or  it  is  the  external  layer  of 
the  cortex  (Monocotyledons ;  see  p.  154)  :  stem  and  root  are  mono- 
stelic,  with  but  few  exceptions  (p.  152)  :  the  vascular  bundles  of 
the  stem  are  generally  collateral :  both  root  and  stem  generally 
present  secondary  growth  in  thickness  (except  Monocotyledons, 
and  a  few  other  cases)  by  means  of  a  normal  cambium-ring  (for 
abnormal  cases,  see  p.  204) :  the  growing-points  of  the  lateral  roots 
are  developed  from  the  pericycle  of  the  parent  root  (see  p.  186). 

The  Emhryogeny  of  the  Sporophyte.  The  sporophyte  is  developed 
from  the  fertilised  oosphere  in  the  ovule.  The  development  of  the 
embryo  is  not  continuous,  but  is  in  two  stages,  which  may  be  con- 
veniently distinguished  as  the  intra- seminal  and  the  extra-seminal. 
The  intra-seminal  stage  includes  the  whole  of  the  development 
which  the  embryo  undergoes  during  the  conversion  of  the  ovule 
into  the  ripe  seed — that  is,  during  what  is  known  as  the  "  ripening 
of  the  seed."  The  extra-seminal  stage  includes  the  development 
of  the  embryo  which  follows  the  sowing  of  the  seed ; — that  is,  the 
escape  of  the  embryo  from  the  seed,  and  the  gradual  development 
of  the  characters  of  the  adult  plant.  The  interval  between  these 
two  stages  may  be  brief,  or  it  may  extend  over  many  years  if  the 
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seed  be  kept  dry.  The  "  germination  "  of  the  seed  when  sown  is 
simply  the  resumption  of  development  by  the  embryo  in  conse- 
quence of  exposure  to  the  necessary  conditions  of  moisture, 
warmth,  etc. 

In  most  Phanerogams,  each  oospore  gives  rise  to  a  single  em- 
bryo ;  but  in  most  Gymnosperms  each  oospore  gives  rise  to  more 
than  one  embryo  (four  or  many),  thus  exhibiting  poly emhryony . 

The  primary  development  of  the  embryo  is  either  holoblastic  or 
meroblastic  (see  p.  13)  ;  meroblastic  embryogeny  is  common  among 
Gymnosperms. 

In  some  exceptional  cases  (Cycads,  Ginkgo,  Ephedra)  the 
embryogeny  begins  with  free  cell-formation  in  the  oospore  (see  p. 
121). 

Generally  speaking,  the  oospore  of  holoblastic  plants  divides 
into  two  by  a  transverse  wall :  the  upper  of  the  two  cells  remains 
coherent  to  the  micropylar  end  of  the  embryo-sac  and  developes 
into  the  suspensor,  an  embryonic  organ  which  is  a  characteristic 
feature  of  the  embryogeny  of  Phanerogams,  which  bears  at  its 
lower  end  the  other  cell,  termed  the  embryo-cell,  frOm  which  the 
whole  or  a  considerable  part  of  the  body  of  the  embryo  is  de- 
veloped. In  meroblastic  plants,  the  suspensorial  cell  and  the 
embryo-cell  are  developed  in  a  somewhat  similar  though  more 
complicated  manner,  from  the  embryogenic  portion  of  the  oospore 
(see  Gymnosperms,  p.  71). 

It  is  in  comparatively  few  plants  that  the  suspensor  contributes 
nothing  to  the  development  of  the  permanent  members  of  the 
embryo.  This  is  necessarily  the  case  in  those  plants  (enumerated 
below)  in  which  no  suspensor  is  developed  ;  it  is  also  the  case 
in  some  plants  in  which  a  suspensor  is  present  {e.g.  plants 
with  massive  suspensors,  such  as  Geranium,  Tropajolum,  many 
Grasses;  also  most  Leguminosee).  Here  the  embryo  is  de- 
veloped entirely  from  the  embryo-cell.  In  some  cases  (Viciese, 
Coniferae)  the  embryo-cell,  on  the  other  hand,  contributes  to  the 
elongation  of  the  suspensor.  In  many  cases,  however,  the  lowest 
cell  of  the  suspensor  contributes  in  part  (e.g.  Capsella,  Fig.  28(3)  or 
entirely  (e.g.  Alisma,  Fig.  287)  to  the  construction  of  the  embryo. 

The  suspensor  may  be  regarded,  in  most  cases,  simply  as  a 
temporary  organ  of  the  embryo  :  but  it  occasionally  presents  such 
a  degree  of  independence  of  growth,  that  it  assumes  the  character 
rather  of  a  proembryonic  organism,  making  the  embryogeny 
heteroblastic,  than  of  a  mere  organ  (see  p.  14). 
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The  following  are  noteworthy  peculiarities  in  the  morphology  and  physiology 
of  the  suspensor.  It  is  generally  a  filament  consisting  of  a  longer  or  shorter 
single  row  of  cylindrical  cells,  sharply  defined  from  the  rest  of  the  embryo  :  in 
some  cases  it  consists  of  several  such  rows  {e.g.  Glaucium,  Viciese) :  in  others 
it  is  massive  (see  above),  consisting  of  a  number  of  cells  covering  the  posterior 
end  of  the  embryo,  and  not  sharply  defined  from  it :  sometimes  it  consists 
of  a  single  cell  {e.g.  Funkia) :  in  some  plants  {e.g.  Viciese)  the  segments  of 
the  suspensor  are  coenocytic.  Rarely,  it  is  differentiated  at  a  relatively  late 
stage  of  embryogeny  {e.g.  Cytisus  Laburnum^  and  some  other  Leguminosao).  Its 
common  function  is,  by  its  growth,  to  force  the  embryo  into  the  nutritive  tissue 
of  the  seed,  and  it  is  usually  attached  by  its  upper  end  to  the  micropylar  end 
of  the  embryo-sac  :  but  it  is  not  unfrequently  adapted,  more  particularly  when 
the  embryo-sac  contains  little  or  no  store  of  nutriment,  as  an  organ  of  ab- 
sorption. Thus  in  some  Orchids  {e.g.  Anacamptis  pyramidalis,  Flatanthera 
bifolia.  Orchis  latifoUa),  the  filamentous  suspensor  grows  through  the  wall  of  the 
embryo-sac,  and  out  at  the  micropyle,  reaching  the  wall  of  the  ovary  where  it 
buries  itself  in  the  tissue  of  the  placenta,  from  the  cells  of  which  it  absorbs 
nutriment  for  the  embryo  attached  to  its  other  end  in  the  embryo-sac.  Again^ 
in  other  Orchids  (Phalffinopsis,  Vanda),  the  primitive  suspensorial  cell  divides 
longitudinally  into  six  cells  which  grow  out  into  long  filaments,  both  upwards 
and  downwards,  enveloping  the  embryo  but  not  leaving  the  ovule,  which  act  as 
absorbent  organs.  In  Tropaeolum,  the  suspensor  produces  two  lateral  branches, 
one  of  which  bores  through  the  wall  of  the  ovule  into  the  cavity  of  the  ovary, 
acting  as  an  anchor  for  the  embryo ;  the  other  penetrates  the  wall  of  the  ovule, 
where  it  is  in  contact  with  the  placenta,  and,  entering  the  placental  tissue,  acts 
as  an  absorbent  organ.  In  Gnetum  the  suspensor  branches  and  bears  an 
embryo  at  the  end  of  each  branch.  When  the  suspensor  is  massive,  it  is  itself 
a  depository  of  nutrient  substances  for  the  use  of  the  embryo. 

No  suspensor  is  developed  in  the  following  plants :  Pistia  StratioUs,  Listera 
ovata,  Epipactis  palustris  and  latifolia,  Cypripedium  spectabile,  among  Mono- 
cotyledons ;  Corydalis  cava,  and  certain  Leguminous  plants,  such  as  the 
Mimosese  and  some  Hedysareje,  among  Dicotyledons  ;  Ginkgo,  among  Gymno- 
sperms. 

In  those  plants  which  have  no  suspensor,  the  development  of 
the  embryo  from  the  oospore  is  simple.  The  oospore  divides 
by  a  transverse  (basal)  wall  into  two ;  then  by  a  longitudinal 
wall  into  four;  and  then  by  a  second  longitudinal  wall,  at 
right  angles  to  both  the  preceding,  into  eight  cells,  octants  of  a 
sphere :  generally  speaking,  from  the  half  of  the  oospore  next 
the  micropyle  the  primary  root  is  developed,  from  the  other  half 
the  growing-point  of  the  primary  stem  and  the  (one  or  two) 
primary  leaves  or  cotyledons.  The  early  stages  of  the  embryogeny 
are  essentially  the  same  in  those  plants  in  which,  though  a  sus- 
pensor is  present,  it  does  not  contribute  to  the  structure  of  the 
embryo,  though  here  it  is  the  embryo-cell  that  divides  into  octants. 
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In  those  plants  which  have  a  suspensor  which   contributes  to 
the  embryo,  the  embryo- cell  is  not  a  complete  sphere.     It  divides, 


Fig.  286.— Embryogeny  of  Dicotyledons  as  represented  by  Cnpaella  Burm-Pastoria  (dia- 
grammatic, after  Goebel  and  Hanstein).  A-D  Successive  8tfl,ge8 :  susp.  suspensor;  emb. 
embryo ;  1-1,  2-2,  octant-walls  ;  o  lowest  cell  of  suspensor,  dividing  in  B  to  form  the  hypo- 
physial cell  h;  in  C  the  hypophysial  cell  has  divided  into  two,  h,  and  h„  the  former  con. 
stituting  the  periblem,  the  latter  the  dermatogen,  of  the  growing-point  of  the  primary 
root  ;  in  D,  h ,  has  undergone  a  periclinal  division  to  form  the  primitive  root-cap  :  d  derma- 
togen ;  c  periblem ;  pi.  plerome ;  cot.  cotyledons,  between  which  lies  the  growing-point  of 
the  primary  stem. 

as  a  rule,  into  two  by  a   longitudinal  wall,  then  transversely,  and 
then  in  a  plane  to  both  the  preceding,  into  octants ;  but  while 


444 


PART    III. — THE    CLASSIFICATION    OF    PLANTS. 


the  four  anterior  octants  are  octants  of  a  sphere,  this  is  not  the 
case  with  the  four  truncated  posterior  octants  abutting  on  the 
suspensor.  In  some  cases,  the  transverse  division  precedes  the 
longitudinal.  From  the  anterior  octants  are  developed,  in  Dicotyle- 
dons generally   (Fig.  286),  the  two  cotyledons  and  the  growing- 


FiG,  287.— Embryogeny  of  Monocotyledons,  as  represented  by  Alisma  Plantago  (diagram- 
matic, after  Goebel,  Hanstein,  and  Famintzin).  A-C  Successive  stages:  a  embryo-cell; 
b  lowest  cell  of  suspensor,  susp. :  the  products  of  tbe  repeated  transverse  division  of  b  are 
indicated  (c,  d,  e,f)  in  B  and  C.  In  C,  a  has  given  rise  to  the  single  terminal  cotyledon  ; 
c  to  the  growing-point  of  the  primary  stem  ;  d  and  e  form  the  hypocotyl ;  the  growing- 
point  of  the  root  is  developed  from/;  ep  dermatogen.  D  is  a  mature  embryo,  less  highly 
magnified:  cot.  cotyledon;  «t.  growing-point  of  stem;  hjp.  hypocotyl.  The  nuclei  of 
the  cells  are  indicated  in  A  and  B. 


point  of  the  primary  stem,  but  the  growing-point  of  the  primary 
root  is  supplied  from  the  last  cell  of  the  suspensor  (Fig.  286 
A,  a)  which  divides  transversely  into  two  (Fig.  286  B)  and  con- 
tributes the  cell  h,  the  hypophysis,  to  complete  the  root-end  of  the 
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embryo.  In  Monocotyledons,  on  the  other  hand,  the  embryo-cell 
gives  rise,  as  a  rule  (Fig.  287  A  and  C,  a),  only  to  the  single  ter- 
minal cotyledon ;  whilst  the  last  cell  of  the  suspensor  (Fig.  287 
A,  b)  gives  rise  to  the  growing-point  of  the  stem,  which  is  here 
lateral  (Fig.  287  0,  c ;  D,  st),  and  to  that  of  the  root  by  a  hypo- 
physial cell  (/). 

In  two  cases  only  {Ccphalotaxus  Fortunei,  Araucaria  brasiliana,  both  Gymno- 
sperms)  are  the  cotyledons  and  the  growing-point  of  the  primary  stem 
developed  endogenously :  here  they  are  at  first  covered  by  some  cells  at  the 
apex  of  the  embryo,  which  are  eventually  thrown  oflf. 

In  a  few  exceptional  Monocotyledons  {e.g.  Dioscoreaceee,  Coramelynaceag)  the 
growing-point  of  the  primary  stem  is  developed,  not  laterally,  but  apically, 
and  the  cotyledon  is  lateral.  In  some  Dicotyledons  {e.g.  Canim  Bulbocastanum, 
}ia7iuncuhis  Ficaria)  the  embryo  is  pseudo-vionocotyledonous\  that  is,  only  one 
cotyledon  is  developed  though  two  are  originally  indicated. 

In  the  Gymnosperms,  the  number  of  cotyledons  varies  from  one  of  fifteen. 

With  regard  to  the  histological  differentiation  of  the  embryo, 
the  first  step,  after  the  division  into  octants,  is  the  formation  of 
periclinal  walls  marking  off  a  superficial  layer,  which  is  the 
dermatogen  (Figs.  286,  287)  ;  this  differentiation  proceeds  from 
the  anterior  end,  or  apex,  backwards  towards  the  posterior  end  of 
the  embryo.  In  those  plants  in  which  the  root-end  of  the  embryo 
is  formed  by  a  hypophysial  cell  contributed  by  the  suspensor 
(Fig.  286  B,  h),  the  dermatogen-layer  is  completed  by  the  peri- 
clinal division  of  the  hypophysial  cell,  the  inner  cell  forming  the 
periblem  of  the  growing-point,  the  outer  forming  the  dermatogen 
which  undergoes  further  periclinal  division  to  form  the  primitive 
root-cap.  In  the  meantime,  anticlinal  and  longitudinal  walls 
have  also  been  formed,  so  that  the  embryo,  as  it  increases  in  size, 
consists  of  an  increasing  number  of  cells.  The  degree  of  histo- 
logical differentiation  attained  varies  widely  :  in  the  highest  forms 
(Fig.  286  D)  a  cylinder  of  plerorae  is  differentiated  in  the  axis 
of  the  embryo,  so  that  the  three  primary  tissue-systems,  der- 
matogen, periblem,  and  plerome,  are  clearly  defined. 

The  degree  of  morphological  differentiation  attained  by  the 
embryo  in  its  intr-a-seminal  development  also  varies  widely,  as 
does  also  the  size  of  the  embryo.  In  the  ripe  seed  of  most  Orchids 
and  parasitic  plants  {e.g.  Orobanche,  Monotropa,  etc.),  the  body  of 
the  embryo  presents  no  differehtiation  into  members.  In  most 
plants,  the  embryo,  in  the  ripe  seed,  consists  of  the  following 
members :    (a)   one,    two,   or  several  cotyledons ;    (6)   a   primary 
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stem  bearing  the  cotyledon  or  cotyledons,  but  not  projecting  be- 
yond, them,  termed  the  hypocotyl,  passing  posteriorly  into  (c)  the 
primary  root  or  radicle.  In  some  plants  (e.g.  Triticum  and  other 
Grasses,  Phaseolus,  Vicia,  Amygdalas,  etc.)  the  primary  stem  has 
elongated  beyond  the  insertion  of  the  cotyledon  or  cotyledons, 
and  bears  the  rudiments  of  future  foliage-leaves  :  this  portion  of 
the  primary  shoot  is  termed  the  plumule  or  epicotyl. 

The  size  and  texture  of  the  cotyledons  vary  with  the  functions 
which  they  have  to  perform.  When,  as  in  exalbuminous  seeds, 
such  as  peas  and  beans,  the  cotyledons  are  themselves  the  store- 
houses in  which  food  is  deposited  for  the  nutrition  of  the  embryo 
during  its  extra- seminal  development,  they  are  relatively  large, 
thick,  and  fleshy ;  but  when,  as  in  albuminous  seeds  {e.g.  Ricinus, 
Grasses,  etc.),  the  food  is  stored  in  the  endosperm,  the  cotyledons 
are  absorbent  organs  and,  though  still  relatively  large,  are  not 
thick  and  fleshy. 

In  a  few  Phanerogams  (e.g.  Utricularia,  which  never  developes 
any  root,  Buppia  rostellata,  Wolffia  arrhlza)  no  primary  root  is 
developed  or  eve"n  indicated. 

The  extra- seminal  development  of  the  embryo  may  be  briefly 
stated  as  follows : — The  first  event  is  the  elongation  of  the  hypo- 
cotyl, with  the  result  that  the  radicle  passes,  through  the  micropyle, 
out  of  the  seed  into  the  soil,  where  it  becomes  firmly  attached : 
where  (as  in  some  Gymnosperms,  Grasses,  Tropaeolum)  the  growing- 
point  of  the  root  is  developed  deep  in  the  tissue  of  the  embryo, 
the  radicle,  before  it  can  escape  from  the  seed,  has  to  penetrate 
this  more  or  less  considerable  mass  of  tissue  which  can  be  seen, 
on  examining  the  germinated  seed,  as  a  collar,  termed  the 
coleorhiza,  surrounding  the  base  of  the  radicle.  The  other  mem- 
bers then  escape  from  the  seed,  the  coat  of  which  becomes  more 
or  less  split.  In  those  cases  in  which  the  growth  of  the  hypocotyl 
is  active,  the  cotyledons  appear  above  the  surface  of  the  soil,  that 
is,  they  are  epigean  (e.g.  Cucurbita,  Ricinus,  Radish,  Sunflower, 
Scarlet  Runner,  etc.,  most  Gymnosperms),  either  leaving  the  seed- 
coat  in  the  soil,  or  carrying  it  up  to  the  surface.  In  those  cases  in 
which  the  growth  of  the  hypocotyl  is  comparatively  slight,  the 
cotyledons  do  not  reach  the  surface  of  the  soil,  that  is,  they  are 
hypogean  (e.g.  Vicia  Faba,  Pea,  Grasses,  etc.)  :  here  it  is  the 
epicotyl  (plumule)  which  grows  rapidly,  and  is  the  first  member 
to  appear  above  ground.  The  part  which  first  appears  above 
ground,  whether  it  be  hypocotyl,   epicotyl,  or   cotyledon,  usually 
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does  so  in  the  form  of  an  arch,  so  that  the  apex  is  not  exposed 
to  injury  whilst  the  member  is  forcing  its  way  up  through  the 
soil. 

Epigean  cotyledons  become  green  in  colour,  and  in  many  cases 
{e.g.  Sunflower,  Radish)  assume  the  appearance,  and  discharge 
the  functions,  of  foliage-leaves;  but  they  do  not  ever  precisely  re- 
semble, either  in  size  or  form,  the  true  foliage-leaves  of  the  plant 
to  which  they  belong. 

Vegetatice    Propagation    is   common    among     Phanerogams,    by 
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Fig.  288.— Germination  of  pollen-jfrain  of  hilium  MotrtngfOJi  (x750:  after  Guignanl).  A 
Young  pollen-grain:  c  centrospheres;  n  resting  nucleup.  B  Commencement  of  germina- 
tion:  71  the  dividing  nucleus;  c  centrosphere?.  C  Cell-formation  has  taken  place,  result- 
ing in  the  formation  of  the  generative  cell  g;  n  nucleus  of  remainder  of  pollen-grain  (t.«. 
▼egetative  cell). 

means  of  bulbs  {e.g.  Lily,  Onion,  and  many  other  Monocotyledons), 
tubers  (Potato),  tuberous  roots  (Dahlia),  etc. 

B.  The  Gametophytr.  As  all  Phanerogams  are  heterosporous, 
the  sexual  generation  is  represented  by  two  individuals,  a  male 

y.  s.  B.  0  Q 
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and  a  female,  developed  respectively  from  the  microspore  and  the 
macrospore. 

The  Male  Prothallium  is,  in  all  cases,  filamentous  and  relatively 
small,  consisting  of  but  few  cells.  The  first  indication  of  its 
development  is  the  division  of  the  nucleus  of  the  microspore, 
which  may  take  place  even  before  the  microspore  escapes  from 
the  raicrosporangium,  and  this  is  followed  by  cell- formation.  In 
the  Angiosperms  (Fig.  288)  the  cell-formation  is  simple,  consisting 
in  the  aggregation  of  protoplasm  round  one  of  the  two  nuclei,  witli- 
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Fig.  289.— Development  of  male  prothallium  from  the  pollen-grain  of  the  Yew :  A  early- 
stage.  B  Later  stage:  «t  stalk-cell;  au  antheritlial  cell ;  n  nucleus  of  the  large  vegetative 
cell  which  has  grown  out  into  the  pollen-tube.  In  B  the  generative  cell  is  travelling  down 
the  pollen-tube  as  a  preliminary  to  fertilisation.    ( x  350  :  after  Belajeff.) 

out  any  formation  of  cell-wall,  so  that  a  small  primordial  cell, 
the  generative  cell,  is  formed,  floating  freely  in  the  protoplasm 
of  the  microspore  which,  with  the  other  nucleus,  constitutes 
the  vegetative  cell.  In  the  Gymnosperms  the  process  is  rather 
more  complicated.  In  the  simplest  case  (e.g.  the  Yew,  Fig 
289)  the  microspore  divides  into  two  cells,  separated  by  a  cell- 
wall  ;  of  these  the  one,  the  antheridial  cell,  undergoes  division 
into  two,  a  stalk-cell  (st)  and  a  generative  cell  (an);  whilst  the 
other  remains  as  an   undivided  vegetative  cell.     In  some  cases, 
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however  {e.g.  Larch,  Ginkgo,  Fir,  Ephedra),  generally  three  cells 
are  successively  cut  off  by  parallel  septa  (Fig.  290)  :  of  these, 
the  two  first  formed  are  merely  vegetative  prothallial  cells,  and 
undergo  disorganisation,  whilst  the  last  is  the  antheridial  cell,  and 
undergoes  division  into  a  generative  cell  and  a  stalk-cell.  In 
some  cases  (Ginkgo,  Ephedra,  Cycads)  the  second  prothallial  cell 
persists  ;  and  it  appears  that  in  the  Gnet^ceae  the  antheridial  cell 
does  not  divide  to  form  a  stalk-cell  but  is  actually  the  generative 
cell. 

In  both  Angiosperms  and  Gymnosperms,  the  pollen-tube  is 
formed  by 
the  o  u  t- 
growth  of 
the  large 
vegetative 
cell :  in  both 
cases  the 
generative 
cell  (after 
being  set 
free  when 
necessary) 
enters  the 
pollen-tube, 
together 
with  the  ve- 
getative nu- 
cleus, and, 
in  Gymno- 
sperms, 
with  the  nu- 
cleus of  the 
stalk  -  cell ; 
the  vegeta- 
tivenucleus 

becomes  disorganised  (Fig.  289  B,  n),  whilst  the  generative  cell 
undeigoes  division  into  two;  either  into  two  equal  generative 
cells,  as  is  generally  the  case,  or  into  two  unequal  cells  only  one 
of  which  is  generative  {e.g.  Taxas).  More  than  one  pollen- tube 
may  be  developed  from  the  microspore  (Fig.  283). 

Thus  the  male  individual  in  the  Phanerogams  is  a  prothallium 
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Fig.  290.— Development  of  the  male  prothallium  of  Ginkgo  hiloha.  A 
Pollen-gian  in  which  cell- division  is  proceeding  whilst  still  in  the 
pollen-sac;  ji  nucleus:  pr  three  prothallial  cells,  the  innermost  of 
which  is  the  antheridial  cell.  B  Older  i)olIen-grain  developing  a 
poUen-iube  ;  i>i*  prothallial  colls;  u  nucleus  of  pollen-tube,  (x  5U): 
after  Strasburger.) 
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consisting  of  but  few  cells,  and  the  antheridium  is  at  most  two- 
celled  :  the  generative  cell  represents  a  spermatozoid-mother-cell, 
the  protoplasm  of  which  is  not,  however,  differentiated  into  a 
spermatozoid,  but  simply  constitutes  a  male  cell. 

The  male  cell  is  a  small  nucleated  primordial  cell  in  the  pollen- 
tube,  and  is  either  the  original  generative  cell  itself,  or  a  product 
of  its  division.  It  is  eventually  extruded  through  the  apex  of 
the  pollen-tube. 

The  Female  Prothallium  is  developed  in  the  interior  of  the 
macrospore  (embryo-sac)  in  a  similar  manner  to  that  of  the 
heterosporous  Pteridophyta  :  but,  in  the  Phanerogams  it  does  not 
at  any  period  project  from  the  macrospore  as  it  does  in  the 
Pteridophyta,  though  this  occurs  exceptionally  in  the  Cycadaceae 
among  Grymnosperms,  and  in  Avicennia  among  Angiosperms. 

The  development  of  the  prothal- 
lium (or  endosperm)  is  simple  in  the 
Gymnosperms.  The  nucleus  of  the 
macrospore  divides ;  repeated  nu- 
clear division  takes  place,  until  a 
large  number  of  nuclei  are  formed 
which  lie  in  the  protoplasm  round 
the  wall  of  the  macrospore  ;  between 
these  nuclei  cell-walls  are  developed, 
so  that  a  cellular  tissue  is  produced, 
the  cells  of  which  grow  and  multi- 
ply by  division  until  the  cavity  of 
the  macrospore  is  entirely  filled  with 
this  tissue  which  constitutes  the 
prothallium.  In  Gnetum,  however, 
the  development  of  the  prothallium 
is  not  completed  until  fertilisation 
has  taken  place. 

In  the  Angiosperms  the  develop- 
ment of  the  prothallium  is  more 
complicated  in  that  it  generally 
takes  place  in  two  stages,  the  one 
preceding,  the  other  following,  fer- 
tilisation. The  nucleus  of  the  ma- 
crospore divides  into  two  :  of  these 
the  one  travels  to  the  micropylar  pole,  the  other  to  the  chalazal 
pole,  of  the  macrospore ;  each  nucleus  then  divides,  and  each  of 


Fig.  291.— The  female  prothallium 
of  Gymnosperms,  shown  in  a  longitu- 
dinal section  of  the  ovule  (  x  about 
15;  diagrammatic):  u  integument; 
m  micropyle.  K  Nucellus  (macrospo- 
rangium).  E  Embryo-sac  (macro- 
spore) ;  e  female  prothallium  (endo- 
sperm), in  which  are  situated,  towards 
the  micropyle,  two  archegonia,  c, 
with  neck  ?i;  ps  pollen-tube  entering 
the  neck  of  tie  left  archegonium; 
p  pollen-grain  seated  on  the  apex  of 
the  nucellus. 
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the  four  so  formed  divides  again,  so  that  eight  nuclei  are  formed, 
four  at  the  mioropylar,  and  four  at  the  chalazal  pole  of  the 
macrospore ;  one  nucleus  is  then  conveyed  from  each  pole  to- 
ward the  centre  of  the  macrospore,  where  the  two  nuclei  meet 
and  fuse  into  one  which  is  termed  the  definitive  nucleus  of  the 
macrospore  or  embryo-sac.  Three  nuclei  now  lie  at  each  pole, 
and  around  these  aggregation  of  protoplasm  takes  place,  so  that 
cells  are  formed  :  those  at  the  chalazal  pole  soon  acquire  a  cell- 
wall,  and  &,ve  termed  antipodal 
cells :  those  at  the  micropylar 
end  do  not  form  any  cell- wall ; 
one  of  them  is  the  female  re- 
productive cell  or  oosphere, 
the  other  two  are  sterile 
(though  in  rare  cases  they 
are  fertile),  and  are  termed 
the  syjiergidoi,  the  three  to- 
gether constituting  the  egg- 
appartitns.  This  is  the  extent 
to  which  the  development  of 
the  female  prothallium  takes 
place  previously  to  fertilisa- 
tion. In  most  Angiosperms 
the  structure  of  the  prothal- 
lium is  completed  by  the  for- 
mation, after  fertilisation  has 
taken  place,  of  additional  cel- 
lular tissue :  this  process  is 
initiated  by  the  division  of 
the  definitive  nucleus  of  the 
macrospore,  nuclear  division  is 
repeated,  cell-formation  takes 
place,  in  the  manner  described 
above  for  the  Gymnosperms, 
and  the  macrospore  becomes  more  or  less  completely  filled  with 
cellular  tissue,  commonly  termed  endosperm. 

In  a  number  of  dicotyledonous  plants  {e.g.  Loranthacero.  Orobanchacene, 
Labiatffi,  Campanulaceje)  where  the  embryo-sac  is  long  and  narrow,  the  endo- 
sperm is  developed  by  cell-division  :  the  embryo-sac  is  divided  by  two  or  more 
transverse  septa  and  longitudinal  divisions  follow.  And  even  when  the  de- 
velopment of  the  endosperm  begins  with  free  cell-formation,  its  further  develop- 
ment is  effected  by  the  growth  and  dixision  of  the  first-formed  cells. 


Fig.  292.— The  female  prothallium  of  An- 
0opperm8,  shown  in  a  longitudinal  section  of 
the  ovule  (x  70):  ai  outer,  ii  inner,  integu- 
ment ;  m  micropyle ;  /  funicle.  K  Macros- 
porangium  (nucellus).  E  Macrospore  (em- 
bryo-sac), fc  Definitive  nucleus  of  the  em- 
bryo-sac. The  female  prcthallium  consists 
of  the  egg-apparatus  at  the  micropylar  end 
of  the  macrospore,  and  of  the  group  of  anti- 
podal cells  at  at  the  chalazal  end.  The  egg- 
apparatus  consists  of  two  synergidse  s,  and 
an  oosphere  e. 


452  PART    III. — THE    CLASSIFICATION    OF    PLANTS. 

The  degree  of  development  attained  by  the  endosperm  in  Angiosperms  is 
various.  Whilst,  as  a  rule,  it  completely  fills  the  embryo-sac,  leaving  room, 
however,  for  the  embryo,  in  some  cases  it  occupies  but  a  portion  of  the 
embryo-sac,  as  in  the  Coco-nut,  where  it  forms  a  thick  parietal  layer  ;  or,  as  in 
Nymphaea,  Nuphar,  Anthurium,  Viscum,  Lathraea,  Thesium,  Khinanthus,  etc., 
where  the  development  of  endosperm  is  confined  to  the  upper  half  of  the 
embryo-sac.  In  some  cases  the  endosperm  is  rudimentary,  being  represented 
merely  by  a  number  of  nuclei,  as  in  Tropaeolum,  Trapa,  Naiadaceae,  Alismaceae, 
Orchidaceffi  ;  and  in  Canna  even  this  rudimentary  development  is  wanting. 

The  antipodal  cells  do  not,  as  a  rule,  undergo  any  further  development,  but 
in  some  cases  {e.g.  some  Graminaceae)  they  have  been  observed  to  divide  and 
give  rise  to  a  considerable  mass  of  cells. 

The  female  organ  is  essentially  an  archegonium.  In  most 
Gjmnosperms  it  is  actually  an  archegonium,  like  that  of  the 
Pteridophyta  ;  it  is  developed  from  a  single  superficial  cell  of  the 
prothallium  at  the  micropylar  end,  and  lias  a  neck,  containing  a 
canal-cell,  leading  to  a  ventral  cavity  in  which  lies  the  female  cell 
or  oosphere;  but  in  Welwitschia  the  archegonium  is  reduced  to  a 
single  cell  with  a  cell-wall  ;  and  in  Gnetum  to  a  single  cell  with- 
out a  cell-wall,  the  oosphere.  In  the  Angiosperms  the  female 
organ  resembles  that  of  Gnetum,  in  that  it  is  reduced  to  a  single 
naked  cell :  the  three  cells  constituting  the  egg-apparatus  repre- 
sent each  an  archegonium  reduced  to  a  single  cell ;  but  in  one 
only  is  this  cell  a  true  fertile  oosphere,  the  other  two  (the  syner- 
gidiB)  being  sterile  as  a  rale. 

In  a  few  plants  the  egg-apparatus  consists  of  but  two  cells  (the  rule  in  Santa- 
linn  album ;  occasionally  in  Ornithogalum  nutans,  Sinningia,  Gomphrena,  some 
Orchids  such  as  OrcJds  latifolia,  Cypripedium  Calceolu!<,  Gymnadeaia  Couopsea, 
some  Mimoseae)  :  it  would  aj^pear,  that,  in  such  a  case,  there  has  been  but  one 
nuclear  division  in  the  micropylar  end  of  Ihe  embryo-sac.  Both  the  cells  are 
susceptible  of  fertilisation,  and  are  therefore  both  to  be  regarded  as  oospheres. 

In  some  plants  (Crocus,  Gladiolus,  Torenia  Fig.  285,  Santalum)  the  syner- 
gidae  become  elongated,  and  penetrate  the  wall  of  the  embryo-sac ;  their  project- 
ing ends  are  longitudinally  striated  and  are  covered  with  a  coat  of  cellulose  : 
these  structures  are  sometimes  spoken  of  as  the  Jilifi)rni  apparatus. 

In  Casuarina,  the  cells  of  the  egg-apparatus  (when  fertile)  are  surrounded  by 
cell-walls  (like  the  oosphere  of  Welwitschia) :  no  antipodal  cells  are  developed. 

Follination.  In  view  of  the  fact  that  the  female  cell  (oosphere), 
and  the  prothallium  bearing  it,  i-emain  (as  a  rule)  permanently 
enclosed  in  the  macrospore,  and  that  the  macrospore  remains  en- 
closed in  the  indehiscent  macrosporangium,  it  is  clear  that  the 
process  of  fertilisation  can  only  be  effected  when  the  microspore 
germinates    in    immediate    proximity    to    the    macrosporangium. 
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The  bringing  of  the  microspore  into  such  close  relation  is  what  is 
termed  pollination.  When  the  pollen  of  anyone  flower  is  brought 
into  relation  with  the  macrosporangium  of  the  same  flower,  the 
case  is  one  of  self-pollination  ;  when  the  pollen  of  any  one  flower  is 
brought  into  relation  with  the  macrosporangium  of  another  flower 
(whether  on  the  same  plant,  or  on  another  plant  of  the  same 
species),  the  case  is  one  of  cross-pollination. 

The  microspores  when  so  brought  are  placed  under  conditions 
of  moisture  and  nutrition  favourable  to  their  germination.  In 
Gjmnosperms,  where  there  is  no  ovary  and  no  stigma,  the  micro- 
spore is  brought  into  direct  contact  with  the  micropyle  of  the 
macrosporangium.  In  the  Angiosperms,  where  there  is  an  ovary 
and  a  stigma,  the  microspores  cannot  come  into  direct  contact 
with  the  macrosporangium  ;  they  fall  upon  the  stigma  and  ger- 
minate on  its  moist  surface  ;  the  pollen- tubes  then  grow  down  into 
the  ovary,  down  the  style,  if  there  is  one,  and  finally  enter  the 
ovules  (see  Fig.  280). 

In  certain  cases  flowers,  of  course  ambisporangiate,  are  so 
modified  as  to  ensure  self-pollination:  instances  of  this  are  afforded 
by  species  of  Viola,  Lamium  am^^lexicatile,  Oxalis  Acetosella,  and 
others,  where  the  plant  (in  addition  to  the  ordinary  flowers)  bears 
inconspicuous  flowers  which  do  not  open,  and  in  which  self- 
fertilisation  is  perfectly  effected  by  the  pollen  ;  these  peculiar 
flowers  are  said  to  be  cleistogamous. 

In  the  great  majority  of  Phanerogams,  however,  cross-pollina- 
tion is  the  rule.  In  the  case  of  monosporangiate  flowers  (e.fj. 
Gymnosperms)  it  is  clear  that  pollen  must  be  conveyed  from  a 
staminate  to  a  carpellary  flower.  It  is  also  known  that  in  a  great 
number  of  ambisporangiate  flowers,  pollination  is  effected  by  the 
transfer  of  pollen  irom  one  flower  to  another :  in  some  of  these 
cases  it  has  been  demonstrated  that  it  is  only  the  pollen  of  another 
flower  which  can  effect  fertilisation;  in  other  cases,  that  the 
pollen  of  the  same  flower,  though  not  absolutely  useless,  has  less 
fertilising  power  than  that  of  another  flower;  and  in  3-et  other 
cases,  that  though  the  pollen  of  the  flower  itself  has  sufficient 
fertilising  effect,  yet  the  progeny  is  less  vigorous  than  when 
pollen  is  supplied  from  another  flower. 

The  conveyance  of  pollen  from  one  flower  to  another  is  effected, 
in  the  case  of  a  number  of  plants  with  inconspicuous  flowera  (e.g. 
Gymnosperms,  Grasses,  many  Dicotyledonous  Forest- trees),  by 
the  agency  of  the  wind,  when  they  are  said  to  be  aneviophilous',  but 


454  PART    III. — THE    CLASSIFICATION   OF   PLANTS. 

in  the  case  of  flowers  which  are  conspicuous  by  their  size,  colour, 
perfume,  or  by  their  secretion  of  honey,  the  conveyance  is  effected 
by  the  insects  which  are  attracted  to  visit  the  flowers ;  such 
flowers  are  said  to  be  erdomophilous. 

In  those  ambisporangiate  flowers  to  which  cross-fertilisation  is 
indispensable,  or  at  least  important,  the  most  various  contrivances 
are  exhibited  for  the  purpose  of  hindering  or  limiting  self-pollina- 
tion on  the  one  hand,  and,  on  the  other,  of  facilitating  cross-pol- 
lination ;  or  finally,  in  default  of  cross-pollination,  of  ensuring 
ultimate  self-pollination,  this  last,  of  course,  only  in  those  cases  in 
which  the  pollen  of  the  flower  itself  is  capable  of  fertilising  it ; 
for  it  is  evident  that  self-pollination,  even  if  not  very  advan- 
tageous, is  at  any  rate  of  some  use  to  the  plant. 

Among  the  contrivances  for  the  prevention  of  self-pollination, 
one  of  the  simplest  is  the  arrangement  of  the  anthers  and  stigma 
in  such  positions  that  the  pollen  cannot  possibly  reach  the  stigma 
of  the  same  flower,  e.g.  Aristolochia  (Fig.  298)  :  or  secondly,  the 
abortion  of  all  the  microsporangia  in  some  flowers  and  of  all  the 
macrosporangia  in  others;  in  such  flowers  the  organs  in  question 
are  present,  but  they  are  not  functional.  This  is  an  approach  to 
the  diclinous  condition  ;  it  occurs  in  the  Tiger- Lily,  in  which  the 
anthers  are  commonly  abortive  in  some  flowers  and  the  ovaries  in 
others.  Thirdly,  dichogami/  frequently  occurs,  that  is,  that  the 
stigmata  and  stamens  attain  their  functional  activity  at  different 
times:  flowers  in  which  this  occurs  are  either protandrous,  that  is, 
the  anthers  are  first  developed  and  have  already  shed  their  pollen 
when  the  stigma  of  the  same  flower  is  capable  of  receiving  it;  or 
they  are  protogynous,  that  is,  the  stigma  is  fully  developed  before 
the  anthers  of  the  same  flower  are  ready  to  shed  their  pollen  :  in 
the  latter  case  self-pollination  is  obviously  only  excluded  if  the 
stigma  is  withered  before  the  pollen  is  shed  ;  there  are,  however, 
protogynous  flowers  in  which  the  stigma  remains  fresh  for  a  long 
time  and  which  may  be  pollinated  by  their  own  pollen.  As 
examples  of  protandrous  flowers,  those  of  the  Umbelliferee,  and 
most  of  the  Compositee,  Lobeliaceae,  and  Campanulaceee  may  be 
mentioned ;  and  of  protogynous  flowers,  Aristolochia,  Arum, 
Scrophularia  nodosa,  and  some  species  of  Plantago,  but  this  con- 
dition is  less  common  than  the  preceding. 

Among  the  contrivances  which  lead  to  the  cross-pollination  of 
flowers  by  the  agency  of  insects,  the  means  of  tempting  insects  to 
visit  the  flowers,  such  as  bright  colours,  odours,  and  the  secretion 
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of  honey,  must  be  first  mentioned.  The  peculiar  marking  of  the 
flower  serves  in  many  cases  the  purpose  of  guiding  insects  to  the 
nectary.  The  form  of  the  flower,  the  situation  of  the  honey,  the 
position  of  the  stamens,  and  their  relation  to  the  other  parts  of  the 
flower,  particularly  to  the  stigma,  the  relative  development  in 
point  of  time  of  the  different  parts,  all  these  circumstances  com- 
bine and  co-operate  to  secure  cross-pollination,  and  sometimes  to 
allow  of  the  visits  of  particular  insects  only,  as,  for  instance,  of 
butterflies  with  long  probosces,  though  there  are  also  cases  in 
which  the  insects  must  occasionally  convey  the  pollen  to  the 
stigma  of  the  same  flower.  A  simple  arrangement  of  this  kind 
known  as  heterostylism  or  dimorphism,  and  which  occurs  in  species 
of  Primula,  Pulmonaria,  Linum,  Polygonum,  etc.,  may  be  men- 
tioned here.  These  plants  have  two  forms  of  flowers ;  in  one 
form  the  stamens  are  short  and  the  style  much  longer,  so  that  the 
stigma  projects  above  the  anthers ;  in  the  other  form,  on  the 
contrary,  the  anthers  are  on  long  filaments  above  the  stigma; 
they  are  both  so  constructed  that  the  anthers  of  one  form  stand  on 
the  same  level  as  the  stigma  of  the  other.  From  the  position  of 
the  nectary,  and  the  form  of  the  rest  of  the  flower,  an  insect 
visiting  it  is  obliged  to  take  up  the  same  position  at  each  visit ; 
consequently  after  it  has  visited  a  flower  of  the  one  form,  when 
it  visits  a  flower  of  the  other  form,  it  touches  the  stigma  of  the 
latter  with  the  same  part  of  its  body  with  which  in  the  first 
flower  it  brushed  the  anthers,  and  thus  the  pollen  which  it 
carried  away  with  it  from  the  anthers  of  the  one  flower  is  trans- 
ferred to  the  stigma  of  the  other.  Observations  made  by  arti- 
ficially transporting  the  pollen  have  shown  that  fertilisation  is 
most  complete  when  the  pollen,  of  stamens  of  a  certain  length  is 
conveyed  to  the  stigma  of  a  style  of  the  same  length.  The  same 
is  the  case  with  trimorphic  plants,  e.g.  Oxalis,  Lythram  Salicaria  : 
in  these,  three  forms  of  flowers  occur  with  three  different  lengths 
of  styles  and  stamens. 

As  examples  of  more  complicated  contrivances  for  the  purpose 
of  securing  cross-pollination,  Aristolochia  and  Epipactis  may  be 
described. 

The  flower  of  Aristolochia  Glematitis  (Fig.  293)  is  protogynous  ; 
insects  can  penetrate  without  difficulty  down  the  tube  of  the 
perianth,  which  is  furnished  on  its  internal  surface  with  hairs 
which  point  downwards,  and  they  thus  convey  the  pollen  they  have 
brought  with  them  from  other  flowers,  to  the  stigma;  the  hairs, 
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however,  prevent  their  return.  When  the  pollen  has  reached  the 
stigma,  its  lobes  (Fig.  293  A  and  B  n)  spring  upwards,  and  thus 
the  anthers,  which  now  begin  to  open,  are  made  accessible  to  the 
insects  ;  these,  in  their  efforts  to  escape  (Fig.  293  i),  creep  round 
the  anthers  and  some  of  the  pollen  adheres  to  them ;  bj  this  time 
the  hairs  in  the  tube  have  withered,  and  the  insect  escapes,  dusted 
over  with  pollen  which,  in  spite  of  experience,  it  proceeds  to  convey 

in  like  manner  to  another  flower. 
Those  flowers  which  are  ready 
for  pollination  have  an  erect 
position,  and  the  tube  of  the 
perianth  is  open  above  so  that 
the  insect  can  readily  enter ; 
after  pollination  the  peduncle 
bends  downwards  and  the  tube 
is  closed  by  the  broad  lobe  of 
the  perianth,  so  that  it  is  im- 
possible for  insects  to  enter 
flowers  which  have  been  fer- 
tilised. 

In  the  flower  of  Epipactis 
(one  of  the  Orchidaceae),  the 
anther  is  situated  above  the 
stigma  and  does  not  shed  its 
pollen  in  isolated  grains ;  but 
when  a  certain  portion  of  the 
stigma  (the  abortive  anterior 
lobe),  known  as  the  rostellum 
(Fig.  294  h),  is  touched,  the 
two  pollinia,  together  with  a 
mass  of  sticky  substance  {re- 
tinaculum) derived  from  the 
rostellum,  are  removed  from  the 
pollen-sacs,  adhering  to  the  for- 

FiG.  293.— Flower  of  Aristolochia.  ^Before,  eign  body  (Fig.  294  F, /i).       The 

and  B  after  fertilisation;  r  the  tube  of  the  insect  crecpS  into  the  flower 
perianth ;   fc  the  cavity  below ;  n  stigma ;  a  •  i        i  i  •    i.     • 

anthers  ;i  an  insect  ;fe/ovary.    (After  Sachs.)  to    obtain    the    honey    whlch     IS 

secreted  in  the  cavity  of  one  of 
the  leaves  of  the  perianth,  the  labellum  (Fig.  294  /)  ;  as  it  with- 
draws from  the  flower,  it  carries  away  the  pollinia  on  its  head, 
and  on  entering  the  next  flower,  deposits  them  upon  the  stigma. 
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In  the  course  of  frequent  cross-pollination  it  is  inevitable  that 
the  pollen  of  other  species  of  plants  should  be  applied  to  the  stigma  ; 
but  while  the  pollen  of  plants  of  widely  different  species  is  wholly 
without  effect,  that  of  nearly  allied  species,  particularly  those 
belonging  to  the  same  genus  in  certain  groups,  has  a  fertilising 
effect ;  the  result  of  cross-fertilisation  between  species  is  hyhridi- 
sation,  that  is,  the  development  of  a  plant  which  combines  the 
characters  of  both  parent-species  to  a  certain  extent,  and  which  is 
known  as  a  hrstard  or  hybrid. 
Hybrids  are  for  the  most  part 
sterile  among  themselves,  but 
are  often  fertile  when  crossed 
again  with  a  plant  of  either 
of  the  parent-species  or  of  some 
allied  species.  While  hybrids 
are  produced  with  great  ease 
in  certain  genera,  as  Salix  and 
Cirsiura,  in  others  the  artificial 
production  of  hybrids  has  never 
yet  been  found  possible  even 
between  very  closely  allied 
species,  as  the  Apple  and  Pear. 

Fertilisation.  As  in  other 
plants,  so  here,  the  process  of 
fertilisation  consists  in  the  fu- 
sion of  the  male  and  female 
reproductive  cells.  The  way  in 
which  it  takes  place  in  Phane- 
rogams is  briefly  as  follows  : — 
The  pollen-tube  makes  its  way 
to  the  female  organ,  entering 
the  neck  of  the  archegonium  in 
the  Gymnosperms,  and  coming 
into  close  relation  with  the  egg- 
apparatus  in  the  Angiosperms. 
The  apex  of  the  wall  of  the 
pollen-tube  is  at  this  time 
mucilaginous  :  a  small  nu- 
cleated mass  of  pi-otoplasm,  the  male  cell  (see  p.  450),  is  forced  out 
through  the  mucilaginous  membi*ane,  into  the  oosphere ;  the 
nucleus  of  the  male  cell  {male  pronucleus)  and  that  of  the  female 


Fig.  29 i. — Epipacii^t  latifolia.  A  Longi- . 
tudinal  section  through  a  flower-bud.  B 
Open  flower  after  removal  of  the  perinntb, 
with  the  exception  of  the  labelluin,  I.  CThe 
reproductive  organs,  after  the  removal  of 
the  perianth,  seen  from  below  and  in  front. 
1)0.8  B  :  the  point  of  a  lead-pencil  (h)  is  in- 
serted after  the  manner  of  the  proboscis  of 
an  insect.  E  and  F  The  lead-pencil  with 
the  pollinia  attached  ;/K'  ovary  ;  I  labellnm, 
its  sac-like  depression  serving  as  a  nectary  ; 
lithe  broad  stigma;  en  the  connective  of 
the  single  fertile  anther  ;  p  pollinia  ;  h  the 
rostellum ;  a-  x  the  two  lateral  staminodes  ; 
i  place  where  the  labellum  has  been  cut 
off ;  »  the  gynostemium.    (Aaer  Sachs.) 
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Fig.  295.— Sections  of  ripe  seed.  A  Nux  vomica, 
showing  E  entlosperm.  B  Piper,  showing  both  endo- 
sperm E,  and  perisperm  P.  C  Almond,  devoid  of 
endosperm;  s  the  testa;  e  embryo;  w  its  radicle; 
c  c  its  cotyledons. 


cell  (female  pronucleus)  approach  each  other  and  fuse  into  one, 
the  two  protoplasms  likewise  fusing.  Fertilisation  is  now  com- 
plete ;  in  consequence, 
the  oosphere  surrounds 
itself  with  a  cell-wall, 
becoming  the  oospore, 
and  begins  to  develope 
into  the  embryo- sporo- 
phyte.  Further  details 
are  given  in  the  sec- 
tions on  Gymnosperms 
and  Angiosperms  respec- 
tively. 

The  Results  of  Fertilisation.  The  most  direct  result  of  fertilisa- 
tion is  the  development  of  the  embryo  from  the  fertilised  oosphere, 
a  process  which  involves  the  conversion  of  the  ovule  into  the  seed. 
But  the  efPect  of  fertilisation  is  not  limited  to  this  :  other  parts 
of  the  flower  are  affected  in  such  a  way  that  they  undergo  marked 
changes  in  structure,  accompanied  by  considerable  increase  in  size, 
the  product  being  the  structure  known  as  the  fruit  (p.  88).  In 
some  cases  the  carpels  only  are  affected,  becoming  either  fleshy 
and  succulent  (e.g.  Plum),  or  dry  and  hard  {e.g.  Poppy);  in  others, 
the  floral  axis  becomes  fleshy  (e.g.  Strawberry) ;  in  others  again 
the  perianth-leaves  also  (e.g.  Mulberry).  It  is  convenient  to 
regard  as  true  fruits  only  those  which  are  developed  from  the 
gynseceum  alone;  and  as  false  fruits,  or  pseudocarps,  those  in  the 
formation  of  which  other  parts  of  the  flower  or  of  the  inflorescence 
take  part. 

The  seed  (p.  88)  is  produced  from  the  ovule,  as  a  consequence  of 
the  fertilisation  of  the  female  cell  contained  within  the  ovule:  its 
characteristic  feature  is  that  it  contains  an  embryo.  The  seed 
(Fig.  295)  may  contain  little  or  nothing  but  the  embryo,  in  which 
case  it  is  said  to  be  exalhuminous  (e.g.  Pea,  Bean,  Sunflower, 
Almond,  Oak) :  or  it  may  contain,  in  addition  to  a  small  embryo, 
a  considerable  portion  of  the  female  prothallium  (endosperm),  when 
it  is  termed  albuminous  (e.g.  Grasses  and  most  Monocotyledons, 
Ranunculaceee):  in  a  few  rare  cases  the  albuminous  seed  contains, 
in  addition  to  the  embryo  and  endosperm,  some  of  the  nucellar 
tissue  of  the  macrosporangium  which  is  termed  perisperm  (e.g. 
Piperacese,  Nymphaeaceaa,  Zingiberacese):  in  Canna,  Chenopodiaceae, 
Amarantaceas,    Phytolaccacese,   and  Nyctaginaceae,    there  is  peri- 


GROUP    IV. — PHANEROGAMIA.  459 

sperm  but  no  endosperm  in  the  ripe  seed,  though  it  has  been 
ascertained  in  some  cases  that  endosperm  is  originally  formed. 

A  formation  of  endosperm  takes  place  in  nearly  all  seeds,  even 
exalbuminous  seeds,  but  in  these  latter  it  is  more  or  less  dis- 
organised and  absorbed  by  the  growing  embryo,  so  that  little  or 
none  remains  in  the  ripe  seed. 

Whether  the  seed  be  albuminous  or  exalbuminous,  it  contains 
(except  in  some  parasitic  or  saprophytic  plants,  such  as  Orchids, 
etc.)  a  supply  of  organic  substances  for  the  nutrition  of  the 
embryo  during  its  extra-seminal  period  of  development.  These 
substances  may  be  mainly  stored  in  the  cells  of  the  cotyledons,  as 
in  exalbuminous  seeds;  or  in  the  cells  of  the  endosperm,  or  in 
the  cells  of  the  perisperm,  when  present,  as  in  albuminous  seeds. 
The  substances  are  nitrogenous  and  non-nitrogenous.  The  nitro- 
genous substances  are  proteids,  deposited  in  the  solid  form  as 
aleuron  (see  p.  112),  and  are  present  in  all  seeds.  The  non-nitro- 
genous substances  are  starch,  in  the  form  of  starch-grains  (see 
p.  109),  in  starchy  seeds  (e.g.  Peas,  Beans,  Cereals,  etc.)  ;  or  fat, 
in  the  form  of  oil-drops  (see  p.  Ill),  in  oily  seeds  (e.g.  Linseed, 
Rape,  Castor- Oil  seed,  etc.). 

The  seed  is  generally  enclosed  in  a  single  integument,  the  testa, 
derived  from  the  outer  integument  of  the  ovule,  the  inner  integu- 
ment of  the  ovule  having  been  absorbed ;  sometimes,  however,  the 
seed  has  two  integuments  derived  from  those  of  the  ovule,  an 
outer  testa,  and  an  inner  endopleura  (e.g.  Euphorbiaceae,  Rosaceoe) : 
in  others  again  neither  of  the  ovular  integuments  persists  into  the 
seed,  in  which  case  the  wall  of  the  embryo-sac  is  in  direct  con- 
tact with  the  wall  of  the  ovary. 

In  a  few  cases  additional  integuments  or  appendages  are  de- 
veloped in  connexion  with  the  seed,  such  new  growths  being 
designated  by  the  general  term  aril.  The  aril  may  be  developed 
from  either  the  funicle  or  the  hilum  ;  or  from  the  micropyle,  when 
it  is  distinguished  as  an  arillode.  Good  examples  of  a  funicular 
aril,  which  grows  up  round  the  seed  like  an  additional  integument, 
are  afforded  by  the  Yew,  Water-Lily  (Nymphaea),  Passion-Flower. 
The  Willow  has  a  funicular  aril  in  the  form  of  a  tuft  of  woolly 
hairs.  The  most  striking  example  of  a  membranous  micropylar 
aril  is  the  Spindle-tree  (Euonymus) :  in  Euphorbia  and  Polygala 
the  micropylar  aril  is  a  small  mass  of  tissue,  and  in  Asclepias  it 
is  a  tuft  of  hairs.  Other  excrescences,  not  especially  connected 
with  either  the  hilum  or  the  micropyle  (sometimes  distinguished 
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as  caruncles  or  strophioles),  occur  in  certain  plants  :  thus  in  the 
Violet  and  the  Celandine  (Chelidonium)  an  elevated  ridge  marks 
the  course  of  the  raphe,  and  in  the  Willow-herb  (Epilobium)  a 
tuft  of  hairs  springs  from  the  chalaza. 

The  most  important  point  to  be  considered  is,  however,  that  of 
the  structural  conditions  which  determine  the  production  of  a  seed 
in  the  Phanerogams,  the  feature  which  sharplj?  defines  this  group 
of  plants  from  all  others.  The  structural  conditions  are  briefly  as 
follows  : — the  macrospore  (embryo-sac)  is  not  set  free  from  the 
macrosporangium  (ovule),  as  is  the  case  in  the  heterosporous 
Pteridophyta ;  nor  does  the  macrosporangium  itself  separate  from 
the  plant  producing  it  until  it  has  ripened  into  the  seed :  this 
being  so,  the  macrospore  germinates  inside  the  macrosporangium, 
producing  there  the  female  prothallium  with  its  reproductive 
organs:  fertilisation  of  the  oosphere,  as  also  the  development  of 
the  embryo  from  the  oospore,  takes  place  inside  the  macrospore ; 
and  thus  the  seed  is  formed.  If  the  macrospore  were  set  free 
from  the  macrosporangium,  no  seed  would  be  formed ;  but  in  that 
case  the  condition  of  things  would  be  that  which  actually  exists 
in  the  higher  heterosporous  Pteridophyta,  such  as  Selaginella. 

Some  seeds  can  germinate  as  soon  as  they  are  shed :  but,  for 
the  most  part,  they  only  do  so  after  a  period  of  quiescence,  though 
they  may  lose  their  germinating  power  if  this  period  be  too  pro- 
longed. 

The  TJisseminatioa  of  the  Seed.  Fruits  are  either  dehiscent,  so 
that  the  seeds  escape,  or  are  indehiscent :  in  the  former  case  the 
seeds,  and  in  the  latter  case  the  fruits,  present  various  adaptations 
for  ensuring  their  dispersion.  The  most  conspicuous  are  those 
which  ensure  dispersion  by  the  wind  :  of  this  nature  are  the  wing- 
like appendages  of  the  fruit  in  the  Maple,  Ash,  Ailanthus,  Elm, 
etc. ;  and  of  the  seed  of  Pinus,  Tecoma,  Catalpa,  etc. :  also  the 
hairy  appendages  of  fruits  {e.g.  the  pappus  of  Compositae,  the 
feathery  style  of  Clematis,  etc.),  and  of  seeds  (e.g.  on  those  of 
Gossypium  the  Cotton-plant,  Willow,  Poplar,  Asclepias,  etc.). 
Other  adaptations  ensure  dispersion  by  animals;  such  are  the 
hooks  on  fruits  (forming  burrs),  as  in  various  Boraginaceee, 
Compositae,  Galium,  etc. :  the  succulence  and  agreeable  taste  of 
many  indehiscent  fruits  also  promotes  the  dispersion  of  the  seeds, 
the  fruits  being  eaten  by  animals  and  the  seed  being  protected- 
from  digestion  by  hard  protective  tissue  either  in  the  fruit  (endo- 
oarp)  or  in  the  seed-coat  (testa).     In  some  cases   (e.g.  Ecballium 


GROUP    IV. — PHAXEROGAMIA.  461 

Elaterium,  the  Squirting  Cucumber;  Impatiens  noli-mc-tanijere ; 
Oxalis  Acetosella;  Hura  crepitans)  the  fruit  dehisces  suddenly, 
ejecting  and  scattering  the  seeds  with  considerable  force.  Some 
fruits,  provided  with  a  long  appendage  (awn),  bore  their  way  into 
the  soil  {e.g.  Stipa pennata,  Erodium). 

The  Life-Hisforij  of  the  Phantnxjams  is  essentially  similar  to 
that  of  the  heterosporous  Pteridophyta,  though,  on  account  of  the 
structural  peculiarities  which  bring  about  the  formation  of  a  seed, 
it  is  not  quite  so  easy  to  trace.  The  sporophyte,  or  asexual 
generation,  is  represented  by  the  plant  itself,  bearing  macro-  and 
micro-sporangia  and  macro-  and  micro-spores.  The  gametophyte, 
or  sexual  generation,  is  represented  by  the  male  and  female  pro- 
thallia  developed  respectively  from  the  microspore  and  the 
macrospore.  Thus  there  is  a  definite  and  regular  alternation  of 
generations,  since  the  male  and  female  prothallia  can  only  be 
developed  from  the  spores  of  the  sporophyte ;  and,  on  the  other 
hand,  the  sporophyte  can  only  be  developed  from  the  immediate 
product  of  fertilisation,  the  oospore. 

The  gametophyte  is  here  very  much  reduced,  even  more  so  than 
in  the  highest  heterosporous  Pteridophyta,  especially  as  regards 
the  female  in«lividual.  In  the  Phanerogams,  in  consequence  of 
the  indehiscence  of  the  macrosporangium  and  of  its  remaining 
attached  to  the  plant  producing  it,  the  macrospore  germinates 
whilst  still  in  organic  connexion  with  the  sporophyte,  with  the 
remarkable  consequence  that  the  female  individual  (or  pro- 
thallium)  is  actually  an  appendage  of  the  sporophyte,  and  seems 
to  be  so  much  a  part  of  it  that  its  true  morphological  significance 
is  easily  overlooked. 

The  life-history  of  these  plants  is  made  clear  by  a  morphological 
consideration,  as  indicated  in  the  following  table,  of  the  structure 
of  the  seed  : — 

Seed-coats   .  .  .)  =  macrosporangium   of   parent- 

Perisperra  (if  present)  3  sporophyte. 

Endosperm .  .         .      =  gametophyte  :      female     pro- 

thallium. 
Embryo        .         .  .      =  young  sporophyte. 

When  a  plant  perishes  after  once  producing  flowers  and  seeds, 
it  is  said  to  be  monocarpous.  In  rare  cases  {e.g.  Agave  americana) 
several  or  even  many  years  elapse  before  the  plant  blooms:  more 
common  are  annual  plants  (indicated  by  the  sign  0),  i.e.  such  as 
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complete  the  whole  course  of  their  development  in  a  single  year, 
as  the  Wheat ;  and  biennials,  which  do  not  blossom  until  the 
second  year  of  their  life,  when  they  perish,  as  the  Turnip,  Carrot, 
Beetroot,  etc.  By  polycarpous  plants  are  meant  such  as  produce 
flowers  and  fruit  year  after  year;  such  are  trees  and  shrubs,  as 
also  many  herbaceous  plants  which  have  underground  rhizomes, 
tubers,  etc. 

The  group  of  the  Phanerogams  falls  into  two  natural  divisions  ; 
the  one  containing  but  a  single  class;  the  other,  two  classes. 

A.  GYMNOSPERM^. 

Sporophy tic  Characters.  The  ovule  is  not  enclosed  in  an  ovary, 
nor  is  there  any  style  or  stigma :  in  pollination,  the  pollen-grain 
enters  the  micropyle  and  comes  into  direct  contact  with  the 
nucellus :  the  flowers  are  never  ambisporangiate,  and  are  generally 
without  a  perianth  :  there  are  no  companion-cells  in  the  phloem, 
and  the  secondary  wood  does  not  (except  Gnetacese)  contain  true 
vessels. 

Gametophytic  Characters.  The  female  prothallium  is  completely 
formed  before  fertilisation:  the  female  organ  is  generally  a  well- 
developed  archegonium. 

Class   I. — Gymnosperm^. 

B.  ANGIOSPERM^. 

Sporophytic  Characters .  The  ovule  is  enclosed  in  an  ovary,  and 
there  is  always  a  stigma :  the  pollen-grain  does  not  come  into 
direct  relation  with  the  ovule,  but  falls  upon  the  stigma  and 
germinates  there  :  the  flowers  are  commonly  ambisporangiate  and 
possess  a  perianth :  there  are  companion-cells  in  the  phloem, 
and  the  secondary  wood  generally  includes  true  vessels. 

Gametophytic  Characters.  The  female  prothallium  is  only  partly 
formed  before  fertilisation :  the  female  organ  is  a  reduced  uni- 
cellular archegonium. 

Class  I. — MoNOCOTYLEDONES.  The  embryo  has  but  one  cotyle- 
don :  the  ripe  seed  is  usually  albuminous. 

Class  II. — DicoTYLEDONES.  The  embryo  has  two  opposite  coty- 
ledons :  the  ripe  seed  is  frequently  exalbuminous. 
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DIVISION  A. 

CLASS  I.— GYMNOSPEEM^, 

The  plants  of  this  class  are  all  perennial  trees  and  shrubs,  for 
the  most  part  evergreen :  thej  are  classified  into  the  three  natural 
orders,  Cycadaceae,  Coniferae,  and  Gnetaceae. 

The  Spurophyte. 

General  Morphology  of  the  Vegetative  Organs.  The  body  is  dis- 
tinctly differentiated  into  stem,  leaf,  and  root. 

The  Stem  grows  above  ground,  usually  erect,  but  climbs  in 
several  species  of  Gnetum :  it  is  woody,  and  is  generally  branched 
raonopodially :  the  symmetry  of  the  main  stem  is  radial,  whilst 
that  of  the  branches  is  frequently  bilateral,  either  isobilateral  {e.g. 
Thuja,  phylloclades  of  Phyllocladus)  or  dors i ventral  (e.g.  Thujopsis 
dolabrata,  Abies  Nordmanniana  and  concolor,  Taxus,  Torreya,  and 
many  other  Coniferae  in  which  the  branches  are  liorizontal).  The 
branches  in  many  Coniferae  (e.g.  Pinus,  Sciadopitys,  Phyllocladus, 
Larix,  Taxodium,  Cedrus,  Ginkgo)  are  dimorphous,  being  either 
long  shoots  or  dwarf-shoots  (see  p.  39) :  in  Phyllocladus  the 
dwarf-shoots  are  developed  into  phylloclades;  in  the  other  forms 
the  dwarf-shoots  all  bear  foliage-leaves  and  fall  off,  sooner  or  later, 
with  the  leaves  which  they  bear :  in  Pinus  and  Sciadopitys  the 
dwarf-shoots  alone  bear  foliage-leaves,  whilst  in  the  other  genera 
the  long  shoots  bear  foliage-leaves  as  well. 

The  Leaves  are  either  foliage-leaves  or  scale-leaves.  The  foliage- 
leaves  are  either  small  and  numerous,  as  in  the  Coniferae  ;  or  large 
and  few,  as  in  the  Cycadaceae,  and  as  in  Welwitschia  where  there 
are  only  two  foliage-leaves :  they  are  branched  only  in  the 
Cycadaceae:  they  are  sessile  in  the  Coniferae  and  in  Welwitschia: 
their  growth  is  basal :  their  form  varies  considerably,  one  of  the 
most  peculiar  forms  being  that  characteristic  of  certain  Coniferae 
(Abietinece)  where  the  leaf  is  needle-like  (acicular)  and  either 
flattened  or  prismatic  and  angular,  Larix,  Ginkgo,  Taxodium 
distichum^  and  Glyptostrobus,  are  the  only  forms  in  which  the 
leaves  fall  annually ;  in  the  others  the  leaves  persist  for  two  to 
ten  years,  or,  as  in  Welwitschia,  throughout  the  life  of  the  plaut. 
Foliage- leaves  are  absent  in  Phyllocladus  and  generally  in  Ephedra. 
A  certain  amount  of  heterophylly  is  observable  in  some  cases : 
thus  the  leaves  of  the  shoots  bearing  flowers  sometimes  differ  from 
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those  of  the  vegetative  shoots,  as  in  Dacrydium  cupressinmn,  where 
the  leaves  of  the  fertile  shoots  are  scale-like  and  radially  arranged, 
whilst  those  on  the  vegetative  shoots  are  linear  and  are  arranged 
in  two  lateral  rows  ;  or  as  in  Sequoia  gigantea  where  the  leaves  of 
the  fertile  shoots  are  shorter,  broader,  and  more  closely  arranged 
than  of  the  vegetative  shoots  :  or  the  younger  leaves  may  differ 
from  the  older,  as,  for  instance,  in  certain  Cupressineje  with  scale- 
like foliage-leaves,  where  the  first  foliage-leaves  of  the  young 
stem  are  acicular  (Thuja),  or  where  some  of  the  branches  bear 
acicular  leaves  (Juniperus)  :  or  in  these  same  Cupressineae  (e.g.' 
Thuja)  the  leaves  borne  on  the  flanks  of  the  shoot  differ  in 
shape  from  those  on  the  upper  and  lower  surfaces,  the  latter 
being  further  distinguished  by  having  each  a  resin-receptacle  (see 
Fig.  306,  p.  486). 

Scale-leaves,  destitute  of  chlorophyll,  occur  in  nearly  all  the 
Cycadaceae,  in  most  Conifers  (absent  in  most  Cupressineos  and 
Araucariese)  and  in  Ephedra  (Gnetaceae).  In  the  Cycadaceae  the 
scale-leaves  are  present  in  great  number,  completely  covering  the 
surface  of  the  stem,  and  are  developed  at  the  growing-point  alter- 
nately with  the  foliage-leaves,  but  in  much  greater  numbers:  in 
Pinus,  Phyllocladus,  and  Sciadopitys,  the  scale-leaves  are  the  only 
leaves  borne  by  the  long  shoots ;  in  Phyllocladus  and  Ephedra 
they  are  the  only  vegetative  leaves. 

The  Primary  Boot  always  persists  as  a  tap-root. 

General  Histology.  The  Stem.  The  growing-point  of  the  stem 
generally  described  as  pi^esenting  in  the  Abietineae  a  well-marked 
differentiation  into  dermatogen,  periblem  and  plerome,  whilst  in 
the  other  Coniferae  the  distinction  between  periblem  and  plerome 
is  less  clear,  and  in  Ephedra  even  the  distinction  between  derma- 
togen and  periblem  is  not  definite ;  it  has  been  asserted  from  time 
to  time,  though  without  absolute  demonstration,  that,  in  the  Cy- 
cadaceae, the  Coniferae,  and  in  Gnetura  and  Ephedra  among  the 
Gnetaceae,  there  is  an  apical  cell,  either  three-sided  or  four-sided, 
in  the  growing-point. 

The  stem  is  monostelic :  the  stele  is  surrounded  by  a  pericycle 
which  may  be  simply  parenchymatous  (e.g.  Pinus)  or  consist  of 
thick-walled  fibres  (e.g.  Taxus) :  the  primary  vascular  bundles  are 
collateral,  are  open,  and  have  the  usual  general  structure ;  they 
are  generally  arranged  in  a  single  circle  round  the  pith,  but  in 
Cycas  there  is  a  system  of  cauline  bundles  in  the  cortex,  in 
Encephalartos  there  is  a  similar  system  in  the^pith,  and  in  Welwit- 
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schia  there  are  apparently  both  a  cortical  and  a  medullary  system. 
Secondary  growth  in  thickness  takes  place  as  a  rule  by  means  of 
a  normal  cambium-ring ;  but  in  some  cases  the  activity  of  the 
normal  cambium  is  short-lived,  and  a  new  raerismatic  layer  is 
developed  in  the  pericycle ;  thus  in  Cycas,  Encephalartos,  and 
species  of  Gnetum,  the  merismatic  layer  resembles  the  true 
cambium  in  that  it  forms  wood  internally  and  bast  externally, 
and  in  these  plants  successive  merismatic  layers  are  formed ; 
in  Welwitschia  the  merismatic  layer  forms  vascular  bundles 
and  ground-tissue  internally,  and  cortex  externally,  and  persists 
throughout  the  life  of  the  plant.  In  the  Cycadaceae  and  Coniferee, 
the  secondary  wood  consists  exclusively  of  tracheides  with  rounded 
or  elongated  bordered  pits  (scalariform  tracheides)  and  of  paren- 
chymatous medullary  rays,  but  true  vessels  are  formed  in  the 
Gnetaceoe ;  the  secondary  bast  has  genei^lly  the  normal  structure, 
but  in  some  cases  (Abietineae)  it  has  no  bast-fibres. 

The  Foliage-leaf  is  characterised  by  its  well-developed  epidermis 
the  cells  of  which  are  fibrous  (Pinus,  Torreya) :  the  stomata 
are  always  depressed  below  the  surface,  and  are  borne  usually  on 
the  under  surface  only,  when  the  leaf  is  flat  (e.g.  Cunningharaia, 
Abies,  Taxus,  Ginkgo,  etc.),  or  on  both  sides  (some  Araucarias, 
Podocarpus),  or  on  the  upper  side  only  (Juniperus),  but  on  all 
sides  when  the  leaf  is  acicular  (e.g.  Pinus,  Picea,  etc.) :  the 
epidermis  is  supported  by  a  hypodermal  layer  of  fibrous  scleren- 
chymatous  cells ;  when  the  leaf  is  flat,  the  mesophyll  is  more  or 
less  clearly  differentiated  into  palisade  and  spongy  tissue,  but 
when  it  is  acicular  the  mesophyll  is  uniform  throughout,  consisting 
of  parenchymatous  cells  with  curiously  infolded  walls  :  the  acicular 
leaves  (Abietineee)  have  a  single  central  vascular  strand  en- 
closing two  bundles  which  give  off  no  branches ;  in  the  flattened 
leaves  there  may  be  several  ribs  which  either  do  (e.g.  Ginkgo)  or  do 
not  (e.g.  Dammara,  Araucaria)  branch  in  the  lamina,  and  in  all 
these  cases  the  bundles  end  blindly ;  in  Gnetum  the  leaf,  and  in 
Stangeria  the  leaf-pinna,  has  a  midrib  and  pinnate  venation;  the 
multicostate  leaf  of  Welwitschia  has  parallel  venation.  A  remark- 
able feature  in  the  structure  of  the  leaf  is  the  presence,  in  all  the 
genera,  of  a  tissue,  termed  transfusion-tissue  (p.  169),  which  consists 
of  parenchymatous  cells,  some  of  which  contain  no  protoplasm  and 
have  pitted  walls,  being  in  fact  tracheides,  whilst  others  con- 
tain protoplasm  and  have  unpitted  walls :  in  the  Abietineoe  this 
tissue  is  a  development  of  the  pericycle  of  the  vascular  strand, 
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and  is  surrounded  by  a  well-marked  endodermis ;  in  the  other  genera 
it  appears  to  be  specially  differentiated  mesophyll  frequently  (e.g. 
Cycas,  Podocarpus,  Cephalotaxus)  consisting  of  cells  elongated 
transversely  to  the  long  axis  of  the  leaf  :  the  use  of  the  trans- 
fusion-tissue is  to  compensate  for  the  absence  of  a  much-branched 
vascular  system  in  the  leaf,  the  tracheidal  cells  serving  to  distri- 
bute water  from  the  xylem  of  the  bundles  to  the  mesophyll,  the 
other  cells  serving  to  convey  organic  substances  formed  in  the 
mesophyll  to  the  phloem  of  the  bundles. 

The  Boot  grows  in  length  by  means  of  a  growing-point  differen- 
tiated into  dermatogen,  plerome  and  periblem,  and  root-cap  as  in 
Dicotyledons  (see  p.  154)  ;  there  are  commonly  two  xylem-bundles 
in  the  stele:  the  cambium-ring  is  formed  in  the  usual  way:  the 
phellogen  is  derived  from  the  pericycle  ;  in  many  cases  the  cortical 
cells,  other  than  those  of  the  endodermis,  show  thickenings  on 
their  radial  walls  similar  to  those  of  the  endodermis-cells ;  this  is 
either  confined  to  a  single  (penultimate)  layer  of  the  cortex  (e.g. 
Cupressus,  Thuja,  Biota,  Taxus,  Cephalotaxus,  Ginkgo),  or  it 
extends  to  several  layers  (e.g.  Sequoia,  Taxodium,  Juniperus, 
Araucaria)  :  the  epiblema  is  generally  devoid  of  root-hairs,  but 
these  are  abundant  in  Taxus. 

General  histological  peculiarities.  In  all  the  Coniferae,  except 
Taxus,  resin-ducts  (see  p.  139)  are  present:  they  are  always  to  be 
found  in  the  leaves  and  in  the  cortex  of  the  stem,  sometimes  also 
in  the  pith  of  the  stem  (Ginkgo),  in  the  primary  wood  (Pinus, 
Larix),  or  in  the  primary  bast  (Araucaria) ;  they  are  absent  from 
the  root  in  many  genera  (Cryptomeria,  Taxodium,  Podocarpus, 
Dacrydium,  Tsuga,  Cunninghamia,  Ginkgo),  and  when  present 
they  never  occur  in  the  cortex,  but  are  situated  in  the  primary 
wood  (Pinus,  Larix),  in  the  primary  bast  (Araucaria),  or  as  a  single 
canal  in  the  centre  of  the  conjunctive  tissue  (Cedrus,  Abies,  Pseu- 
dolarix) :  they  are  formed  also  in  the  secondary  wood  (Pinus, 
Picea,  Larix)  or  in  the  secondary  bast  (Cupressus,  Thuja,  Arau- 
caria) of  both  stem  and  root.  Mucilage-ducts,  resembling  the 
resin-ducts  of  the  Coniferaa,  occur  in  the  cortex  of  the  stem  in  the 
Cycadacese. 

The  bast  of  the  Gymnosperms  resembles  that  of  the  Pterido- 
phyta,  and  differs  from  that  of  the  Angiosperms,  in  that  it  contains 
no  companion-cells  (see  p.  137),  the  function  of  these  cells  being 
performed  by  certain  cells  belonging  either  to  the  medullary  rays 
(Abietineae,  some    Cupressineae   and   Taxodineoe)  or  to  the  bast- 
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parenchyma  (Arancarinese,  Taxoideae,  some  CupressineeB  and  Taxo- 
dineae,  the  Cjcadaceee  and  Gnetacece). 

A  remarkable  feature  in  the  histology  of  Welwitschia  is  the 
presence  in  the  ground-tissue  of  large  thick-walled  fibrous  cells, 
called  spicular  cells^  in  the  walls  of  which  crystals  of  calcium 
oxalate  are  deposited ;  the  occurrence  of  these  crystals  in  the  cell- 
walls, is  common  throughout  the  class  (Fig.  65). 

The  General  Morphology  of  the  Reproductive  Organs.  The  repro- 
ductive organs  are  microsporangia  (pollen-sacs)  and  macrosporangia 
(ovules)  :  the  microsporangia  are  always  borne  on  sporophylls,  but 
the  macrosporangia  are  sometimes  borne  directly  on  the  axis 
{e.g.  macrosporangia  of  Taxeee  and  of  the  Grnetaceae)  :  they  are 
developed  on  distinct  shoots,  and  frequently  on  distinct  plants 
{e.g.  Cycadaceae:  some  Coniferse,  such  as  most  AraucarinesB  and 
Taxese;  Gnetaceae  generally). 

Certain  shoots  are  more  or  less  clearly  differentiated  b,8 flowers; 
the  only  exception  being  Cycas  in  which  there  is  no  proper  macro- 
sporangiate  flower.  The  flower  is  always  monosporangiate  :  its 
sti'ucture  varies  widely ;  it  may  consist  merely  of  a  terminal 
sporangium  invested  by  a  few  small  bracts  {e.g.  macrosporangiate 
flower  of  Taxeae) ;  of  a  terminal  sporangium  with  a  rudimentary 
perianth  (macrosporangiate  flower  of  Gnetacae) ;  of  one  or  more 
sporophylls  borne  on  a  short  axis  and  surrounded  by  a  perianth 
(microsporangiate  flower  of  Gnetaceae)  ;  or  of  a  larger  or  smaller 
number  of  sporophylls  arranged  on  an  elongated  axis,  the  whole 
forming  a  cone. 

In  the  Gnetaceae  the  flowers  are  arranged  in  spicate  inflor- 
escences, and  are  situated  in  the  axils  of  bracts  which  are  more 
highly  developed  in  this  order  than  in  any  other  Gymnosperms. 

The  Sporophylls  are  of  two  kinds,  distinguished  by  the  nature 
of  the  sporangia  which  they  respectively  bear,  as  microsporophylls 
and  macrosporophylls.  When  the  flower  is  a  cone,  the  sporophylls 
have  a  general  resemblance  to  scaly  leaves :  in  other  flowers 
(Taxeae,  Cycas,  Gnetaceae)  they  have  various  and  specialised 
forms. 

The  microsporophyll  (stamen)  ocenrs  in  its  simplest  form  in  the 
Cycadaceae,  where  it  is  a  large  stout  scale  bearing  usually  an  in- 
definite number  of  microsporangia  on  its  under  surface.  In  some 
of  the  Coniferae  {e.g.  Pinus),  the  microsporophyll  essentially  re- 
sembles that  of  the  Cycadaceae,  though  it  is  much  smaller  (in 
proportion    with  the   smaller  flowers)  and  bears  only  two  micro- 
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spoi'an^a.  In  the  other  Coniferae  the  microsporophylls,  bearing 
2-15  sporangia,  show  more  or  less  distinct,  differentiation  into 
a  stalk  bearing  a  terminal  leafy  expansion,  until,  in  Taxus,  a 
stage  is  reached  where  the  microsporophyll  consists  of  a  stalk 
bearing  a  peltate  lamina,  on  the  under  surface  of  which  the  spor- 
angia are  developed.  In  other  words,  the  microsporophyll  con- 
sists of  a  filament  bearing  a  sorus  of  sporangia  which  constitutes 
an  anther  (see  p.  432).  In  all  cases  the  microsporangia  are 
developed  on  the  morphologically  under  (dorsal)  surface  of  the 
sporophyll. 

The  gradual  differentiation  of  the  microsporophyll,  v^hich  can  be 


Fig.  296.—^  Microspnrophyllary  (or  staminal) 
flower  of  Abies  pectinata  ;  b  scaly  bracts  ;  o  mi- 
crosporophyll with  two  microsporangia  (pollen- 
pacs).  B  Microspore  (pollen-grain)  (highly 
mag.) ;  e  exine  expanded  into  two  hollow  vesicles 
11);  y  male prothallium.     (After  Sachs.) 


Fig.  297. — Pmus  sylvestris  (x7:  after 
Strasburger).  Macrosporophyll  b,  bear- 
ing on  its  upper  surface  the  placental 
scale  /)•,  which  bears  two  ovules  »  at  its 
base;  c  apophysial  projection  of  the 
placental  scale ;  m  prolonged  integument 
of  the  ovule  within  which  pollen-grains 
have  lodged. 


traced  in  the  Conifera?,  leads  on  to  the  more  complete  differen- 
tiation and  specialisation  which  obtains  in  the  Gnetaceae  and  in 
the  Angiosperms.  In  Gnetum,  however,  there  are  no  microsporo- 
phylls. 

The  macrosporophyll  (carpel)  appears  in  a  simple,  yet  typical, 
form  in  Cycas  (see  Fig.  303),  the  one  Gymnosperm  which  has  no 
distinct  macrosporangiate  flower.  Here  the  carpels  are  essentially 
similar  to  the  foliage-leaves,  though  they  are  smaller,  of  a  yellow 
colour,  and  of  a  somewhat  different  form  :  they  are,  in  fact,  de- 
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veloped  at  the  growing-point  of  the  stem  in  the  place  of  a  whorl 
of  foliage-leaves.  The  few  sessile  macrosporangia  are  borne 
laterally  on  the  lower  part  of  the  sporophyll. 

In  the  other  Cycadaceae,  the  macrosporophyll  is  a  stout  scaly 
leaf,  thickened  at  its  outer  end,  bearing  usually  two  lateral  ovules, 
one  on  each  side. 

In  the  Coniferoe,  the  simplest  form  of  macrosporophyll  is  to  be 
found  in  Dammara  ( Araucarinese) ,  for  instance,  where  it  is  simply 
a  scaly  leaf  bearing  a  single  raacrosporangium  on  its  upper  surface : 
in  other  forms  the  superior  surface  of  the  macrosporophyll  is 
clearly  marked  out,  by  outgrowths  of  various  kinds,  into  an  apical 
and  a  basal  half,  the  latter  alone  bearing  the  (1-7)  macrosporangia 
(e.g.  Taxodinej«,  Cupressineae):  in  the  Abietineas  (Pinus,  Larix,  etc.) 
the  sporangiferous  structure  of  the  preceding  families  is  developed 
from  the  base  oi  the  carpel  as  a  placental  scale,  which  is  much 
larger  than  th6  carpel  itself,  and  bears  the  two  macrosporangia  on 
its  upper  surface.  In  most  Podocarpeae,  the  macrosporophyll  is 
likewise  differentiated  into  an  apical  and  a  basal  half,  the  latter 
being  much  thickened,  but  here  it  is  the  apical  portion  which  bears 
the  single  macrosporangium.  In  the  Taxeae  the  macrosporophylls 
are  rudimentary  (e.g.  Phyllocladus,  Cephalotaxus)  or  absent  (e.g. 
Torreya,  Taxus) ;  even  when  present  they  do  not  bear  the  macro- 
sporangia. 

In  the  Gnetaceae  there  are  no  macrosporophylls. 

The  microsporangia  (pollen-sacs)  are  borne,  in  nearly  all  cases, 
on  the  lowei*  (dorsal)  surface  of  a  sporophyll ;  they  may  be 
numerous  (about  1,000)  as  in  some  Cycadaceae ;  or  few  (2-15)  in 
the  Coniferce  and  Gnetaceae  :  scattered  (some  Cycads),.or  more 
commonly  grouped  into  one  or  more  sori,  with  more  or  less  well- 
developed  placental  tissue ;  either  imbedded  in  the  tissue  of  the 
sporophyll  (e.g.  Abietineae),  or  freely  suspended  (e.g.  Araucaria, 
Ginkgo)  :  in  the  Cupressineae,  the  spomngia,  when  young,  ai*e 
covered  by  an  outgrowth  of  the  under  surface  of  the  sporophyll 
which  is  comparable  to  the  indusium  of  Ferns.  In  Gnetum,  as 
there  is  no  microsporophyll,  the  two  microsporangia  are  borne  on 
the  apex  of  the  floral  axis. 

The  structure  of  the  microsporangium  is  simple  :  it  is  unilocu- 
lar ;  it  contains,  at  an  early  stage,  a  mass  of  spore-mother-cells 
derived  from  the  archesporium,  surrounded  by  a  layer  of  tapetal 
cells  also  derived  from  the  archesporium,  and  by  a  wall  consist- 
ing of  one,  two,  or  more,  layers  of  cells  :  each  spore-mother-cell 
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gives  rise  to  four  microspores,  which  are  usually  tetrahedral, 
bat  bilateral  in  the  Cycads.  The  dehiscence  is  generally  longi- 
tudinal. 

The  microspores  (pollen-grains)  present  no  special  features  be- 
yond the  fact  that  in  some  genera  of  Coniferae  (e.g.  most  Abietineee 
and  Podocarpeaa)  the  exine  is  dilated  into  two  hollow  expansions 
which  lighten  the  pollen-grains  and  facilitate  their  dispersal  by 
the  wind. 

The  macro  sporangia  (ovules)  are  borne  either  terminally  on  a 
floral  axis  (e.g.  Taxeae,  Gnetacese),  or  on  the  upper  surface  of  a 
macrosporophyll ;  on  the  floral  axis  they  are  borne  singly,  on  the 
sporophylls  their  number  varies  (1-7)  :  they  are  orthotropous  and 
sessile,  the  micropyle  being  directed  either  towards  the  axis  of  the 
cone  (in  Abietinese,  Podocarpeae),  or  away  from  it  (Cupressineoe)  : 
they  have  a  single  integument,  though  in  some  genera  (most 
Taxoideoe)  an  arillus  is  eventually  developed.  The  macrospo- 
rangia  are  indehiscent. 

The  archesporium  consists  of  one  or  more  hypodermal  cells  of 
the  micropylar  end  of  the  nucellus :  from  the  archesporium  the 
sporogenous  cells  are  developed,  as  also  tapetal  cells.  By  the 
formation  of  several  layers  of  tapetal  cells,  and  also  by  the  re- 
peated periclinal  division  of  the  micropylar  epidermis,  the 
sporogenous  cells  come  to  be  deeply  placed  in  the  nucellus,  being 
surmounted  by  a  considerable  mass  of  nucellar  tissue  which,  in  the 
Cycadaceae,  is  hollowed  out  at  the  apex  to  form  the  pollen-chamher. 
There  may  be  a  considerable  mass  of  sporogenous  cells  (Cycadaceae, 
etc.,  see  p.  438),  a  condition  which  recalls  that  in  the  higher 
Pfceridophyta,  or  there  may  be  a  single  sporogenous  cell  (Abietineoe). 
The  sporogenous  cell,  or  one  of  the  sporogenous  cells,  grows 
rapidly,  causing  the  absorption  of  the  adjacent  cells,  and  is  the 
mother-cell  of  the  macrospore :  in  some  cases,  where  there  are 
many  sporogenous  cells,  several  of  them  may  begin  to  grow  in  this 
way,  but  as  a  rule,  one  gains  the  upper  hand  so  that  eventually 
only  one  mother-cell  is  present. 

The  macrospore  (embryo-sac)  is  developed  singly  in  the  macro- 
sporangium,  by  the  growth  and  maturation  of  the  mother-cell 
which  does  not  undergo  division  into  four  as  in  the  Pteridophyta. 
In  the  Cycadaceae  the  wall  of  the  macrospore,  like  that  of  spores 
generally,  is  differentiated  into  two  layers,  the  outer  of  which  is 
cuticularised. 

Pollination.     The  microspores  are  conveyed  by  the  wind   from 
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the  microsporangiate  to  the  raacrosporangiate  flowers,  the  Gymno- 
sperms  being  anemophilous,  and  they  come  into  direct  relation  with 
the  micropyle.  In  the  case  of  cone-flowers,  the  scales  separate  at 
the  time  of  pollination,  to  permit  of  the  pollen-grains  being  blown 
in  between  them.  The  micropyle  of  the  ovule  secretes  a  mucila- 
ginous liquid  which  catches  one  or  more  of  the  pollen-grains  :  by 
the  gradual  evaporation  of  this  liquid,  the  pollen-grain  is  drawn 
down  the  micropyle  and  is  lodged  on  the  apex  of  the  nucellus, 
where  it  germinates. 

Embryogeny  of  the  Sporophyle.  The  Gymnosperms  are  all  mero- 
blastic  and  have  a  suspensor,  with  the  single  exception,  in  both 
respects,  of  Ginkgo :  they  are  frequently  polyembryonic  (most 
Cupressineee,  Abietineae,  and  Gnetacea^). 

The  most  peculiar  type  of  development  is  that  which  is  char- 
acteristic of  the  Cycadaceae,  of  Ginkgo  among  Coniferce,  and  of 
Ephedra  among  Gnetaceee.  In  these  plants  the  germination  of 
the  oospore  begins  with  repeated  nuclear  division  followed  by 
free  cell-formation  which  leads,  in  the  Cycadace83,  to  the  production 
either  of  a  layer  of  cells  round  the  wall  of  the  archegonium  (Cycas), 
or  of  a  mass  of  cells  occupying  its  lower  end  (Ceratozamia),  a 
considerable  cavity  being  left  vacant  in  both  cases :  in  Ephedra, 
several  (2-8)  loose  spherical  cells  are  formed  in  a  similar  manner, 
in  the  oospore,  each  with  its  own  proper  wall :  and  in  Ginkgo,  it 
becomes  completely  filled  with  a  mass  of  cells  forming  a  compact 
tissue.  In  the  Cycadaceae,  the  embryonic  cells  at  the  lower  end  of 
the  oospore  grow  out  into  the  endosperm,  forming  a  suspensor  at 
the  free  end  of  which  the  body  of  the  embryo  is  developed.  In 
Ephedra,  each  of  the  cells  elongates  into  a  suspensor  which  grows 
out  into  the  endosperm  and  produces  an  embryo.  In  Ginkgo,  the 
mass  of  cells  constitutes  the  embryo  itself  ;  there  is  no  suspensor, 
but  the  embryo,  in  the  course  of  its  growth,  breaks  out  of  the 
archegonium  into  the  endosperm.  In  the  Coniferee  (except  Ginkgo) 
the  type  of  development  is  essentially  the  same  throughout,  thoug^h 
with  slight  variations.  In  the  Abietineoe  the  nucleus  of  the  oospore 
descends  towards  the  lower  end  of  the  cell,  and  divides  into  two, 
and  each  of  these  again  into  two  ;  cell-formation  takes  place,  walls 
being  formed  in  two  planes  at  right  angles  to  each  other,  so  that  the 
lower  end  of  the  oospore  is  occupied  by  a  group  of  four  cells  lying 
in  one  plane ;  these  cells  then  divide  by  transverse  walls,  so  that  three 
tiers  of  four  cells  each  are  formed  ;  of  these,  each  cell  of  the  middle 
tier  grows  out  into  a  long  unicellular  suspensor  ;  those  of  the  upper 
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tier  simply  maintain  the  connexion  of  the  suspensors  with  the 
rest  of  the  oospore  ;  those  of  the  lowest  tier,  whilst  also  contribu- 
ting to  the  suspensors,  each  give  rise  to  an  embryo  from  the  eel  is 
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Fig.  208.— FertiTisation,  and  early  stages  in  the  embryogeny,  of  Picea  excelsa  (x90; 
after  Strasburger).  A  Oosphere,  with  nucleus  on,  and  canal-cell  cl.  B  Fertilisation  in  pro- 
gress :  p  pollen-tube;  sn  nucleus  (male  pronucleus)  of  the  male  cell  now  in  the  oosphere  ; 
on  female  pronucleus.  C  Fusion  of  male  and  female  pronuclei.  D  Commencing  cell-forma- 
tion at  the  chalazal  end  of  the  oospore  ;  E  a  further  stage :  F  three  tiers  of  four  cells  each 
have  been  formed  :  G  the  cells  of  the  middle  tier  have  elongated  into  suspensors,  bearing 
the  single  embryo  at  their  lower  end. 


at  the  base  of  which  one  or  more  emhryonal  tubes  are  developed 
which  grow  backward  along  the  suspensor.  Picea  excelsa  departs 
from  this  type  in  that  the  suspensors  remain  coherent,  bearing  at 
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FiQ.  299.— Later  stages  in  the  embryogeny  of  the  sporopbyte  of  Picea  exceUa  (after 
Strasburger).  A  Optical  section  of  young  embryo  borne  on  the  end  of  the  suspensors  (  x  240) : 
B  older  embryo,  with  suspensor  and  embryonal  tubes  ;  iit  this  btage  the  growing-points  of 
primary  root  and  stem  are  already  differentiated  :  C  half-grown  embryo  in  surface-view  : 
D  longitudinal  section  of  a  half-grown  embryo  :  E  surface-view  of  the  apex  of  the  shoot  of 
this  embrj'o  (  x  27) :  F  longitudinal  section  of  a  fully  developed  embryo  in  a  ripe  seed ;  c 
cotyledons;  h  hypoctyl;  pi  apex  of  the plerome  in  the  root;  cp  root- cap ;  mpith;  op  pro- 
cambial  ring. 
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their  end  the  cells  of  the  lowest  tier  which  develope  into  but  a 
single  embryo,  whereas  in  the  typical  Abietineae  four  embryos 
oi'iginate  from  each  oospore. 

Among  the  Cupressinese,  the  first  step  is  the  formation  of  three 
cells  one  above  the  other  at  the  lower  end  of  the  oospore  :  in 
TJiuja  occidentalis  only  the  two  upper  cells  undergo  longitudinal 
division,  and,  consequently  (as  in  Picea  excelsa)  only  a  single 
embryo  is  developed  from  each  oospore  :  in  Juniperus,  all  three 
cells  undergo  longitudinal  division,  so  that  four  embryos  are  here 
developed  from  each  oospore.  In  this  group  the  cells  of  the 
uppermost  tier  elongate  to  form  the  suspensors  :  those  of  the 
middle  tier  contribute  to  the  length  of  the  suspensors,  and  also 
give  rise  to  short  embryonal  tubes  which  invest  the  suspensor  for 
some  distance,  as  also  the  base  of  the  embryo :  the  cell  or  cells 
of  the  lowest  tier  give  rise  to  the  embryo  (Thuja)  or  embryos 
(Juniperus). 

In  the  Taxeae,  as  represented  by  Taxus  and  Cephalotaxus,  the 
embryogeny  closely  resembles  that  of  Thuja,  though  there  is  not 
the  same  degree  of  constancy  ;  two  or  three  tiers  of  cells,  varying 
in  number,  are  formed  at  the  lower  end  of  the  oospore;  of  these, 
the  uppermost  tier  (Taxus)  or  second  tier  (Cephalotaxus)  grow  out 
into  the  (usually  six)  suspensors  ;  those  of  the  lower  or  lowest  tier 
form  the  single  embryo  and  the  embryonal  tubes. 

The  embryogeny  of  the  Gnetaceous  genera  Gnetum  and  Welwit- 
schia  is  peculiar  :  in  Welwitschia  the  oospore,  whilst  still  enclosed 
in  the  wall  of  the  archegonium,  undergoes  a  transverse  division  at 
its  base,  which  cuts  oif  a  small  flat  cell  as  the  embryo-cell ;  the 
wall  of  the  archegonium  continues  to  grow,  and  forms  the  sus- 
pensor ;  the  embryo-cell  gives  rise  to  the  single  embryo  and  to  a 
number  of  embryonal  tubes  which  invest  the  lower  portion  of  the 
suspensor :  in  Gnetum,  so  far  as  the  embryogeny  is  known,  it 
appears  that  an  embryo- cell  is  formed  at  the  end  of  the  suspensor, 
as  in  Welwitschia,  from  which  the  embryo  and  the  embryonal  tubes 
arQ  also  developed  ;  the  suspensor  appears  to  branch,  each  branch 
bearing  an  embryo. 

The  growing-point  of  the  stem  is  developed  at  the  anterior  end 
of  the  embryo:  two  species  of  Coniferae  (Cephalotaxus  Fortunei, 
Araucaria  hrasiliana)  present  the  peculiarity  that  the  growing- 
point  is  not  quite  terminal,  but  is  covered  by  a  small  group  of  cells 
-which  are  subsequently  thrown  off :  in  some  cases  (Cupressineoe, 
Finns  Strobus,   apparently  Taxus  and   Gnetum,   and  occasionally 
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Ephedra),  there  is  a  two-sided  apical  cell  in  the  growing- point  at 
its  first  development. 

The  cotyledons  vary  in  number  :  one,  in  Ceratozamia,  and  some- 
times in  other  Cycadaceae ;  two,  in   the  Cycadaceae  generally,  in 

the  CupressineaB 
generally,  in  some 
Araucarias,  in  the 
Taxoideae,  and  in 
the  Gnetaceae  ;  in 
the  Cupressineae 
sometimes  3-5 ;  in 
the  TaxodineaB  4-9  ; 
in  the  Abietineae 
5-15.  The  cotyle- 
dons are  generally 
epigean :  they  are 
hypogean  in  the  Cy- 
cadaceae, as  also  in 
Araucaria  (sect. 
Colymbea)  and  in 
Ginkgo  among  the 
Coniferae:  in  the 
Cycadaceae,  and  in 
Ginkgo,  the  two  hy- 
pogean cotyledons 
are  closely  coherent 
at  the  apex,  whereas 
in  these  Araucarias 
the  cotyledons  are 
free. 

The  growing- 
point  of  the  root  is 
in  all  cases  differen- 
tiated endogenously, 
at  some  distance 
from  the  posterior 
end  of  the  embryo. 

Thb  Gametophyte. 
— As  the  Gymno- 
spenns  are  hetero- 
sporous,   the   sexual 


Fio.  300.— Germinating  seeds  of  Pmu«  Pinea :  I  first 
itoge,  in  longitudinal  section :  II  second  stage,  with  pro- 
truding radicle  ;  A  external  view ;  B  view  after  removal  of 
half  the  seed-coat ;  C  longitudinal  section,  without  seed- 
coat;  IJ  transverse  section,  without  seed-coat;  III  ger- 
mination is  here  completed,  the  cotyledons  having  expanded, 
and  the  hypocotyl  elongated  :  a  seed-coat;  e  endosperm  ;  lo 
radicle;  c  cotyledons;  y  micropyle;  r  retl  membrane  (re- 
mains of  nucellus) ;  x  the  embryo-sac. 
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generation    is   represented    bj   two  individuals,    a   male    and    a 
female. 

The   Male    Individual   is   a   prothallium    developed   from    the 

A 


Fig.  301. — A  Longitudinal  section  of  the  micropylar  portion  of  the  female  prothallium  of 
Picca  excelsa  showing  two  archegonia  ( x  100) :  c  neck  of  archegonium  ;  cl  canal-cell. 
B  Surface-view  of  unopened  neck  of  an  archegonium  ( x  250).  C  Pollen-tube  penetrating 
to  the  oosphere  through  the  neck  of  the  archegonium  (  x250).    (After  Sirasburger.) 

microspore  as  described  on  p.  448.     It  consists  of  two  or  more 
cells,  one  of  which  grows  out  into  a  pollen- tube  (see  Fig.  290). 
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The  in<de  organ  is  a  rudimentary  aritheridium  consisting  of  two 
cells,  the  stalk-cell  and  the  generative  cell. 

The  male  cell  is  derived  from  the  generative  cell  of  the  an- 
theridium  which  travels  into  the  pollen-tube  (see  Fig.  289)  ;  this 
cell  undergoes  division  into  two  similar  cells,  near  the  apex  of 
the  pollen-tube,  both  of  which  are,  as  a  rule,  functional  male  cells 

equivalent  to  spermatozoids  ;  in 
Taxus,  however,  the  two  cells 
differ  in  size,  and  it  is  only  the 
larger  one  that  is  a  functional 
male  cell.  The  male  cell  is  of 
somewhat  spherical  or  oval 
form.  When,  as  in  Juniperus, 
and  other  Cupressinese,  several 
archegonia  are  fertilised  by 
means  of  a  single  pollen-tube, 
repeated  cell-division  takes 
place  in  the  pollen-tube. 

The  Female  Individual  is  a 
prothallium  (sometimes  called 
endosperm)  developed  within 
the  macrospore.  The  germina- 
tion of  the  macrospore  begins 
with  the  division  of  its  nucleus  ; 
nuclear  division  is  repeated 
until  a  large  number  of  nuclei 
are  formed,  lying  in  the  parietal 
protoplasm  of  the  spore ;  free 
cell-formation  then  takes  place, 
walls  being  formed  between  the 
cells  so  that  the  interior  of  the 
macrospore  is  lined  by  a  layer 
of  cells  which  grow  and  divide 
until  the  cavity  of  the  macro- 
spore is  entirely  filled.  It  is 
characteristic  of  Gymnosperms 
that  the  development  of  the 
prothallium  is  uninterrupted, 
and  that  it  is  completed,  except  in  Gnetum,  before  the  female 
organs  are  developed  and,  consequently,  before  fertilisation  can 
have  taken  place. 


Fig.  302.— Fertilisation  of  two  archegonia 
by  means  of  a  single  pollen-tube  in  Junipe- 
ru»  virginiana  (x230:  after  Strasburger) :  e 
prothallial  tissue  ;  r  neck  of  archegonium ; 
tt  nticleus  in  the  pollen-tube  ;  mp  male  pro- 
nucleus, fp  female  pronucleus,  in  the 
oosphere;  v  vacuole  in  the  oosphere ;  o« 
lower  part  of  oosphere. 
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The  female  prothalliura  is  a  mass  of  parenchymatous  tissue, 
which  does  not,  as  a  rule,  escape  to  any  extent  from  the  spore, 
and  which,  in  consequence  of  the  exclusion  of  light,  is  destitute 
of  chlorophyll ;  the  only  exception  to  this  rule  is  offered  by  the 
Cycadaceoe  where,  if  the  female  organ  is  not  fertilised,  the  pro- 
thallium,  resuming  its  growth,  protrudes  through  the  micro pyle 
and  turns  green  in  the  light. 

The  female  organ  is  an  archegonium,  and  is  developed  from  a 
single  superficial  cell  of  the  female  prothallium  at  its  micropylar 
end.  The  mother-cell  generally  divides  transversely  into  two  ;" 
an  upper,  the  neck-cell ;  a  lower,  the  central  cell :  the  neck-cell 
usually  divides,  by  two  vertical  walls,  into  four  cells,  which  form 
the  neck ;  the  central  cell  grows,  and  divides  transversely  at  its 
upper  end  so  as  to  cut  off  a  small  cell,  the  canal-cell,  which  lies 
in  the  canal  foi'med  by  the  separation  of  the  neck-cells,  and  a 
large  cell  which  is  th.e  female  cell  or  oosphere  (Figs.  301,  302). 

The  most  striking  deviations  from  the  development  of  the  archegonium,  as 
described  above,  are  the  following  :  the  mother-cell  does  not  divide  but  becomes 
the  central  cell  of  a  neckless  archegonium,  either  with  a  cell-wall  (Welwitschia) 
or  without  a  cell-wall  (Gnetum) ;  the  neck-cell  remains  undivided  {Tsiiga  cana- 
densis) ;  the  neck-cell  divides  only  once,  longitudinally,  so  that  the  neck  con- 
sists of  two  cells  [e.g.  Cycadaceas,  Ginkgo) ;  by  a  third  vertical  division  of  the 
neck-cell,  the  neck  comes  to  consist  of  eight  cells,  all  in  one  plane  (some 
Cupressinese) ;  by  one  or  more  transverse  divisions,  the  neck  consists  of  two 
or  more  tiers  of  cells  [e.g.  Plnus  Pinaster  with  four  cells  in  each  tier ;  Picea 
exceha  with  eigth  cells  in  each  tier). 

The  number  of  archegonia  developed  on  the  female  prothallium 
varies  from  a  small  number  (3-5)  in  the  Abietineae,  to  a  large 
number  (20-60)  in  Welwitschia  and  Gnetum.  The  archegonia 
are  either  scattered  (Abietineae),  or  in  a  group  (Cupressinea?)  : 
when  scattered,  the  central  cells  are  surrounded  by  a  layer  of 
small  cells  belonging  to  the  prothallium  ;  when  in  a  group,  the 
central  cells  are  in  actual  contact  and  have  a  common  investment 
of  small  cells. 

In  Welwitschia,  the  unicellular  archegonia  grow  out  into 
filaments,  at  the  upper  end,  which  make  their  way  through  the 
tissue  of  the  nucellus  toward  the  micropyle. 

The  female  cell  or  oosphere  is  a  relatively  large  nucleated  cell, 
the  protoplasm  of  which  is  so  highly  vacuolated  that  it  presents  a 
frothy  appearance. 

Fertilisation.     When  the  microspore  has  reached  the   apex  of 
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the  nucellus,  it  developes  a  pollen-tube  which  penetrates  the  tissue 
of  the  nucellus,  making  its  way  to  the  archep^onia  which  have 
been,  or  are  being,  dev^eloped  on  the  prothalliura  inside  the 
macrospore  ;  the  pollen-tube  at  length  reaches  the  macrospore, 
pierces  its  wall,  and  enters  the  neck  of  an  archegonium  (when 
scattered),  or  spreads  out  over  the  necks  of  a  group  of  archegonia; 
a  male  cell  is  forced  out  through  the  tip  of  the  pollen-tube  into 
the  oosphere,  or  into  each  of  the  oospheres  of  a  group  of  arche- 
gonia so  that  one  male  organ  fertilises  several  archegonia  (Fig. 
802);  the  act  of  fertilisation  is  completed  by  the  fusion  of  the 
male  pronucleus  with  the  female  pronucleus,  to  constitute  the 
nucleus  of  the  oospore. 

In  Welwitschia  the  process  is  somewhat  different ;  here  fertilisa- 
tion takes  place  in  the  tissue  of  the  nuceUus,  where  the  pollen-tubes 
meet  and  fuse  with  the  filamentous  outgrowths  of  the  archegonia. 

The  Results  of  Fertilisation. 

1.  The  fruit.  In  all  the  Gymnosperms  which  have  a  cone-like 
macrosporangiate  flower  (Cycadaceae,  except  Cycas  ;  Coniferse, 
except  Taxea?),  one  effect  of  fertilisation  is  to  cause  more  or  less 
considerable  growth  in  the  macrosporophylls,  or  in  the  placental 
scales,  as  also  tissue-change  resulting  in  their  becoming  woody 
(e.g.  Pinus,  Abies,  etc.)  or  fleshy  (e.g.  Juniperus),  the  product 
being  the  fruit. 

The  fruit-cone,  in  most  cases,  sets  free  the  seed  by  the  separa- 
tion of  the  macrosporophylls,  or  of  the  placental  scales,  which  fall 
off  from  the  axis  of  the  cone,  leaving  it  bare  (most  Cycadacea^, 
Araucaria,  Abies,  Agathis,  Cedrus) ;  or  they  merely  separate  enough 
to  let  the  seeds  fall  out,  and  then  the  cones  either  remain  on 
the  tree  (e.g.  Larix),  or,  as  is  more  commonly  the  case,  drop 
off  entire.  However,  where  the  fruit  is  a  berry-like  cone  (e.g. 
Juniperus),  the  macrosporophylls  do  not  separate,  and  the  disper- 
sion of  the  seed  depends  on  the  fruit  being  eaten  by  animals. 

In  other  cases  the  effects  of  fertilisation  extend  to  the  bracts 
(Ephedra)  or  to  the  perianth  (Gnetura),  causing  them  to  grow  and 
become  succulent. 

2.  The  seed  is  albuminous  in  all  Gymnosperms,  the  single 
straight  embryo  being  imbedded  in  the  endosperm  (see  Fig.  300  I) 
in  all  cases,  also,  some  portion  of  the  nucellar  tissue  persists  as 
perisperm,  amounting,  in  the  Cycadaceoe  and  Conifera?,  to  little 
more  than  a  membranous  layer,  but  in  the  Gnetaceee  (at  least 
in  Ephedra  and  Welwitschia)  it  is  more  considerable. 

V.  s.  B.  II 
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The  development  of  the  seed-ooats  varies  widely.  In  the 
Cjcadaeese  the  testa  consists  of  two  layers,  an  outer  fleshy  and 
succulent,  and  an  inner  hard  and  woody,  so  that  the  seed  bears  a 
superficial  resemblance  to  a  fruit  such  as  a  plum :  in  those  Coni- 
ferae  in  which  the  seeds  are  produced  in  a  cone-fruit,  the  testa  is 
hard  and  toug^h  ;  but  in  those  in  which  the  seed  is  exposed  from 
the  first,  the  testa  is  either  fleshy  (e.g.  Grinkgo,  Cephalotaxus), 
being  developed  after  the  manner  of  that  in  the  Cycadacete,  or  it 
is  hard,  and  is  invested  by  a  succulent  aril  {e.g.  Taxus,  Podo- 
carpus).  In  those  Coniferre  with  woody  cones  {e.g.  Abietineae," 
Araucarinese,  most  Cupressineae)  the  seed  is  usually  winged,  either 
by  means  of  a  membranous  outgrowth  of  the  testa,  or  (Abietineae) 
by  the  adhesion  to  the  seed  of  a  thin  strip  of  tissue,  split  off  from 
the  surface  of  the  placental  scale.  Among  the  Gnetaceae,  the 
testa  is  hard  and  woody  in  Ephedra  and  Gnetum  ;  in  Welwitschia 
the  seed  is  enclosed  by  the  expanded  perianth,  which  acts  as  a 
wing. 

Classification  of  the  Gijmnospermoe. 

The  class  contains  the  following  three  orders : — 

1.  Cycadacej::  the  trunk  is  generally  unbranched  :  the  leaves 
are  large  and  branched :  no  vessels  in  the  secondary  wood. 

2.  Conifer^:  trunk  much  branched:  leaves  many,  small,  and 
unbranched  :  no  vessels  in  the  secondary  wood. 

3.  Gnetace^:  habit  various:  flowers  have  a  rudimentary 
perianth  :  there  are  vessels  in  the  secondary  wood. 

Order  1.  Cycadaceae.  The  Cycadaceae  are  plants  which,  in  many  respects, 
show  affinity  with  the  Ferns,  while,  on  the  other  Land,  they  resemble  the 
Palms  in  external  appearance.  The  stem  is  tubercular  or  cylindrical.  The 
vegetative  leaves  are  of  two  kinds ;  scaly  leaves,  brown  and  dry,  closely 
covering  the  surface  of  the  stem ;  foliage-leaves,  pinnate,  of  a  leathery  consis- 
tency, produced  annually  or  at  a  longer  interval,  forming  a  crown  at  the  top 
of  the  stem  ;  the  foliage-leaves  are  generally  developed  expanded,  but  in  Cycas 
the  pinnte  are  circinate  in  vernation,  as  is  also  the  phyllopodium  in  Stangeria 
and  Zamia. 

The  dioecious  flowers  are  produced,  either  singly  or  several  together,  at  the 
apex  of  the  stem  ;  they  are  cones  (except  Cycas).  The  development  of  the 
cones  does  not  arrest  the  growth  in  length  of  the  stem  :  hence  the  stem  may 
be  regarded  as  a  sympodium,  its  growing-point  being  maintained  by  either 
dichotomous  or  lateral  branching  (pp.  33,  35).  The  macrosporophylls  of  Cycas 
do  not  constitute  a  true  flower,  since  they  are  not  borne,  as  in  the  other  genera, 
on  a  special  axis,  but  simply  take  the  place  of  a  whorl  of  foliage-leaves.  The 
cones  consist  of  an  elongated  axis,  bearing  numerous  spirally-arranged  scaly 
sporophylls,  which  vary  in  number  from  30  to  600.     The  microsporophylls  bear, 
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on  the  under  surface,  usually  numerous  (2  to  1000)  microsporangia,  either 
scattered  or  in  sori  (Cycas,  Stangeria,  Zamia).  The  macrosporophylls  bear' 
two  orthotropous  raacrosporangia,  one  on  each  flank,  developed  upon  the  peltate 
terminal  lamina  ;  but  the  exceptional  macrosporophylls  of  Cycas  (see  Fig.  303) 
may  bear  as  many  as  five  macrosporangia. 

The  macrosporangia  are  all  sessile,  and  have  a  single  integument,  and  are  of 
considerable  size  ;  those  of  Cycas  are  as  large  as  a  plum  before  fertilisation. 

In  the  coniferous  genera,  the  macrosporangiate  flower  becomes  the  fruit; 
that  is,  a  dry  cone,  the  sporophylls  of  which  fall  away,  and  so  set  free  the 
seeds.  In  Cycas,  the  sporophylls  bend  outwards  and  drop  off,  bearing  the 
seeds.  The  seed  is  covered  by  a  testa,  developed  from  the  integument  of  the 
ovule,  which  is  succulent  externally  and  stony  internally.  It  contains  a  single 
straight  embryo,  on  a  coiled  suspensor,  lying  in  the  endosperm.  The  embryo, 
has  generally  two  cotyledons  (one  in  Ceratozamia,  and  occasionally  in  other 
genera  also),  which  are  hypogean, 
remaining  in  the  seed. 

The  CycadacesB,  of  which  there 
are  nine  genera,  and  about  seventy- 
five  species,  ave  all  tropical  or  sub- 
tropical. Cycas  is  a  native  of  the 
East  Indies  and  Australia  ;  Macro- 
zamia  and  Bowenia,  of  Australia  ; 
Encephalartos  and  Stangeria,  of 
Africa ;  Zamia,  Ceratozamia,  Dio- 
on,  and  Microcycas,  of  tropical 
America. 

Cycas  is  clearly  distinguished 
from  the  other  genera  by  its  pe- 
culiar macrosporophylls,  involving 
the  absence  of  a  macrosporangiate 
flower ;  Bowenia  is  characterised 
by  its  bi-pinnate  leaves  ;  Stangeria 
by  the  pinnate  venation  of  its 
leaves ;  the  other  genera,  by  the 
form  of  their  sporophylls. 

Order  2.  Coniferae.  This 
order  includes  the  Pines,  Firs, 
Cypresses,  Yews,  etc.,  which,  for 
the  most  part,  are  extra-tropical, 
inhabiting  more  especially  the 
northern  hemisphere. 

The  conspicuous  features  of  their  morphology  are  the  regular  monopodia 
branching  of  the  stem,  the  small  (often  acicular)  simple  leaves,  and  the  tap- 
root. In  their  histology,  these  phnts  resemble  the  Dicotyledons  in  that  the 
ptem  grows  in  thickness  by  a  normal  cambium-ring  ;  but  the  vascular  tissue  of 
the  wood  consists  entirely  of  tracheides  with  bordered  pits.  The  presence  of 
resin-ducts  is  another  characteristic  feature. 

The  flowers  are  always   monosporangiate  ;  some  genera  are  dioecious.     The 


Fig.  303.— Sporophylls  of  Cycads.  A  macro- 
aporophyll  of  Cycas  revolvita.  (J  nat.  size)  :  / 
pinnffi;  8  ovules.  B  Macrosporopby  11  of  Zamia 
•nxurlcaia^  with  two  ovules  (s) ;  C  microsporophyll 
of  this  species  with  numerous  microsporangia 
(P). 
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microsporangiate  flower  is  a  cone,  consisting  of  an  elongated  axis  bearing 
microsporopliylls  (Fig.  304),  which  are  generally  somewhat  peltate  in  form. 
Each  microsporophyll  bears  two  or  more  microsporangia  on  its  under  (dorsal) 
surface.  The  macrosporangiate  flower  is  also  a  cone  in  certain  cases  (Pinoidese, 
Fig.  305),  in  which  case  the  macrosporophylls  bear  the  macrosporangia ;  in 
other  cases  there  is  a  less  perfect  cone,  or  none  at  all  (Taxoideaj,  see  Fig.  308), 
the  macrosporophylls  are  either  rudimentary  or  absent,  and  the  macrosporangia 
are  genernUy  borne  on  the  axis. 

In  some  genera  {e.g.  Pinus,  Juniperus)  the  seed  takes  two  years  to  ripen  ;  in 
the  first  year,  pollination  takes  place,  and  the  pollen-tube  begins  to  grow 
through  the  tissue  of  the  nucellus ;  in  the  second  year,  after  a  period  of  rest, 


Fio.  ZOi.— Pinus  montana  {Pumilio).  A  Longitudinal  section  of  a  microsporangiate  flower 
( X 10).  B  Longitudinal  section  of  a  microsporophyll,  showing  the  cavity  of  one  pollen-sac 
(x  20).  C  Transverse  section  of  a  microsporophyll,  showing  the  cavities  of  both  pollen- 
sacs.  D  Germinating  two-celled  microspore  of  Pinus  sylvestrix,  showing  the  expansions  of 
the  exine  (x  400).     (After  Strasburger.) 

the  pollen-tube  completes  its  growth,  reaches  the  archegonium,  and  fertilises 
the  oosphere ;  as  a  consequence,  the  embryo  is  developed,  and  the  ovule  is 
changed  into  a  seed. 

In  spite  of  the  fact  that  so  many  of  the  Coniferae  are  polyembryonic  (see 
p.  471),  and  that  each  ovule  contains  several  archegonia,  the  ripe  seed  contains 
only  a  single  embryo,  though  occasionally  two  are  found  (e.g.  Ginkgo).  The 
embryo  has  two,  or  mofe,  cotyledons,  which  are  epigean,  except  in  Araucaria, 
sect.  Colymbea,  and  in  Ginkgo,  where  they  are  hypogean. 

The  order,  whioh  includes  34  genera  and  about  350  species,  may  be  natur- 
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ally  divided  into  the  two  sub-orders,  Pinoideae  and  Taxoideae,  based  upon  the 
structure  of  the  macrosporangiate  flower ;  each  of  these  sub-orders  includes 
several  families. 

Sub-order  I.  Pinoide.e.  The  macrosporangiate  flowers  are  cones  ;  the  seed 
has  a  woody  or  leathery  testa,  is  enclosed  between  the  macrosporophylls  or 
the  placental  scales,  and  has  no  aril. 

Fara.  1.  Araucarinece  :  usually  dioe- 
cious ;  macrosporophyll  simple,  bearing 
a  single  macrosporangium.  The  micro- 
sporophyll  bears  5  to  15  free  microspor- 
angia  ;  microspores  without  expansions 
of  the  exine  ;  all  leaves  arranged 
spirally  ;  cotyledons  2-4. 

This  family  includes  the  two  genera, 
Agathis  (Dammara)  and  Araucaria. 
Agathis  inhabits  the  Malayan  islands, 
parts  of  Australia,  New  Zealand,  Fiji 
Islands  ;  A.  australis  is  the  Kauri 
Gum-tree :  Araucaria  inhabits  South 
America  (A.  hranliana,  Brazil;  A.  im- 
bricata,  Chili),  and  Australasia  {A. 
excelsa,  Norfolk  Island). 

Fam.  2.  Abietiiiea :  moncecions;  on. 
its  upper  surface  at  the  base,  the  macro- 
sporophj^ll  bears  a  large  placental  scale 
on  the  upper  surface  of  which  two  in- 
verted macrosporangia  are  borne.  The 
ripe  seed  has  two  wings  derived  from 
tissue  of  the  placental  scale  ;  the  micro- 
sporophyll  bears  two  microsporangia ; 
microspores  usually  have  expansions  of 
the  exine ;  all  leaves  arranged  spirally  ; 
cotyledons,  more  than  2,  commonly  5, 
sometimes  as  many  as  15. 

The  most  important  genera  may  be 
distinguished  as  follows : — 

A .  No  dwarf-shoots ;  placental  scales 
flat ;  seed  ripens  in  one  year ;  stem 
bears  whorled  branches. 

1.  Fruit-cones  erect,  falling  to 
pieces  when  ripe;  foliage-leaves 
flat,  cylindrical  at  the  base,  and  not 
decurrent ;  placental  scales  about 
the  same  length  as  the  macrosporophylls 

2.  Fruit-cones  pendent,  falling  off  entire  ;  foliage-leaves  with 
decurrent  projectiug  base. 

(a)  Leaves  4 -angular;  placental  scales  much  longer  than  the 
macrosporophylls ,         Picea. 


Fig.  305.— ^J».««  pectinata.  A  Carpel  c, 
seen  from  above  (ventral  surface),  ahOWi 
ing  8  the  ])lacental  scale,  and  sk  the  two 
ovules  (mag.).  -B  Mature  cone  (nat.  site) } 
sp  axis ;  c  carpel ;  «  enlarged  placental 
scale.  C  Ripe  placental  scale  (8)isolated|- 
seen  from  above ;  «i  the  two  seeds,  each 
with  a  wing  (/).    (After  Sachs.) 
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(6)  Leaves  flat  ;  placental  scales  longer  or   shorter  than  the 

macrosporophylls         . Tsuga 

JS.  Long  and  dwarf-shoots. 

1.  Placental  scales  flat ;  foliage-leaves  borne  on  both  long  and 
dwarf-shoots  ;  branching  of  the  stem  irregular. 

(a)  Leaves  annually  deciduous  ;  seed  ripens  in  one  year           .  Larix. 

(b)  Leaves  persistent ;  seed  ripens  in  two  years         .         .          .  Cedrns. 

2.  Placental  scales  thickened  externally  into  an  apophysis: 
foliage-leaves  confined  to  the  dwarf-shoots  :  branches  whorled     .  Pinus. 

1.  Abies,  the  Silver  Firs.  The  foliage-leaves  are  flat,  marked  on  the  under 
surface  with  two  longitudinal  white  streaks,  and  show  in  section  two  lateral 
resin-ducts:  the  macrosporangiate  cone  is  developed  in  the  axil  of  a  leaf  borne 
on  a  shoot  of  the  previous  year,  at  some  distance  from  its  apex,  and  when  ripe 
falls  to  pieces  so  that  the  naked  axis  remains.  To  this  genus  belong  A.  pectinata 
{A.  alba),  the  Silver  Fir,  the  emarginate  leaves  of  which  stand  out  in  a  comb-like 
manner  from  the  branches;  A.  Nordmanuiaua,  from  the  Caucasus;  A.  bahamea, 
which  produces  Canada-balsam  ;  A.  cephalonica,  which  grows  in  Greece,  and  A. 
Pinsapo,  which  grows  in  Spain,  both  having  pointed  leaves  which,  in  the  latter 
species,  are  borne  on  all  sides  of  the  branches. 

2.  Picea,  the  Spruce  Firs.  The  foliage-leaves  are  quadrangular,  and  have 
two  lateral  resin-ducts :  the  macrosporangiate  cone  is  borne  terminally  on  a 
shoot  of  the  previous  year,  becomes  pendent  after  fertilisation,  thus  enabling 
the  seeds  to  drop  out,  and  then  falls  off  entire.  To  this  genus  belong  P.  excelsa, 
the  Norway  Spruce,  the  leaves  of  which  are  compressed  laterally ;  in  some 
species,  however,  the  leaves  are  compressed  vertically  (e.r/.  P.omorica,  in  Servia, 
and  P.  ajanends,  in  Eastern  Asia),  and  are  streaked  with  white  on  the  upper 
surface.  P.  alba  and  7iigra  are  the  White  and  Black  Spruces  of  North 
America. 

3.  Tsuga,  the  Hemlock  Firs.  The  flat  foliage-leaves  are  somewhat  chan- 
nelled above,  with  a  midrib  projecting  on  the  under  surface.  In  other  respects 
this  genus,  more  especially  the  Section  Eutsuga,  generally  resembles  Picea.  In 
the  Section  Eutsuga  (e.g.  I's.  canadensis)  the  placental  scales  are  much  longer 
than  the  macrosporophylls  ;  whereas  in  the  section  Pseudotsuga  {e.g.  Ts.  Doug- 
lasii)  the  macrosporophylls  are  as  long  as,  or  longer  than,  the  placental  scales  : 
in  Eutsuga  there  is  a  single  median  resin-duct  in  the  projecting  midrib  of  the 
leaf. 

4.  Larix,  the  Larches.  The  deciduous  leaves  are  arranged  spirally  on  long 
shoots,  and  also  in  clusters  on  dwarf-shoots  developed  in  the  axils  of  the  leaves 
of  the  long  shoots  of  the  previous  year  :  the  microsporangiate  cones  are  borne 
terminally  on  leafless  dwarf-shoots,  the  macrosporangiate  cones  terminally  on 
leafy  dwarf-shoots.  L.  europcea  is  the  common  Larch,  a  native  of  the  Alps  and 
Carpathians.  The  sub-genus  Pseudolarix,  including  the  single  species  Ps. 
Kaempferi  (otherwise  Larix  Kaempferi),  the  Golden  Larch,  differs  from  the  true 
Larches  mainly  in  that  its  macrosporangiate  cones  fall  to  pieces  when  ripe  :  it 
is  a  native  of  China. 

5.  Cedrus,  the  Cedars.  This  genus  differs  from  Larix  in  that  the  leaves, 
which  are  arranged  in  the  same  way,  persist  for  more  than  one  year,  and  in 
that  the  seed  takes  two  years  to  ripen.     The  genus  includes  three  species  : 
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C.  Libani,  in  Asia  Minor  ;  C.  atlantica,  iu  the  Atlas  mountains  of  North  Africa  : 
C.  Deodar  a,  iu  the  Himalayas. 

7.  Pinus,  the  Pines.  The  thick  placental  scales  are  expanded  at  their  free 
end  into  a  flattened  rhombic  surface,  the  apophysis  :  the  seed  takes  two  years  to 
ripen  :  the  foliage-leaves  persist  for  several  years  and  are  confined  to  dwarf- 
shoots  which  bear  cataphyllary  leaves  at  their  bases,  and  are  borne  in  the  axils 
of  the  cataphyllary  leaves  of  the  long  shoots  of  the  same  year :  the  primary 
branches  are  arranged  in  false  whorls  near  the  apex  of  the  shoot  of  any  one 
year,  and  the  branches  of  a  higher  order  are  developed  in  the  same  manner : 
the  microsporangiate  cones  take  the  place  of  dwarf-shoots  at  the  base  of  a  long 
shoot  of  the  same  year,  and  are  closely  packed :  the  macrosporangiate  cones 
also  occupy  the  place  of  dwarf-shoots  near  the  apex  of  long  shoots  of  the  same 
year. 

In  the  section  Pinaster,  the  apophysis  has  a  rhombic  free  surface  with  a 
central  projection  (umbo) :  it  includes  three  sub-genera  : — Pinea,  characterised 
by  the  fact  that  each  dwarf-shoot  bears  two  leaves,  with  about  twenty  species, 
including  Pinus  ^ylvestris,  the  Scots  Pine ;  P.  Laricio,  the  Black  Pines ;  P. 
Pinaster,  the  Cluster  Pine  of  South  Europe;  P.  montana,  the  Mountain  Pinesof 
Europe;  P.  Pinea^  the  Stone  Pine  of  the  South  of  Europe,  the  seeds  of  which 
are  large  and  edible  : — Taeda,  where  each  dwarf-shoot  bears  three  leaves,  with 
about  sixteen  species,  including  Pinus  Taeda^  the  Frankincense  tree  of  North 
America: — Pseudostrobus,  where  each  dwarf-shoot  usually  bears  five  leaves, 
with  about  ten  North  American  species. 

In  the  section  Strobus,  the  dwarf-shoots  usually  bear  five  leaves,  and  the 
apophysis  runs  out  into  a  projection  (umbo)  at  its  upper  edge :  it  includes  two 
sub-genera:— Eustrobus,  with  pendulous  fruit-cones  and  winged  seeds,  in- 
cluding Pinus  Strobus,  the  Wejmouth  Pine;  P.  excelsa,  the  Himalayan  Pine; 
P.  Lanibertiana,  the  Sugar  Pine,  and  P.  monticola,  both  of  California  and 
Oregon : — Cembra,  with  erect  or  divergent  cones  and  seeds  without  wings,  in- 
cluding Pinus  Cemhra,  the  Stone  Pine  of  Switzerland  and  Siberia;  P.jiexilis,  of 
North  America ;   and  P.  parvijiora,  of  Japan. 

Fam.  3.  Taxodinece :  morwecious :  the  macrosporophyll  is  clearly  differen- 
tiated into  an  outer  and  an  inner  (placental)  half ;  the  latter  forms  an  out- 
growth across  the  upper  surface  of  the  macrosporophyll,  which  may  even  reach 
tbe  surface  of  the  cone :  seeds  2-9,  either  axillary  and  erect,  or  borne  on  the 
surface  of  the  macrosporophyll  and  inverted,  generally  without  a  wing  :  micro- 
sporophylls  bear  2-8  raicrosporangia :  microspores  with  expansions  of  the  exine : 
leaves  arranged  spirally. 

Sciadopitys  {S.  verticillata),  the  Umbrella  Pine  of  Japan,  is  the  only  member 
of  the  family  which  has  long  and  dwarf-shoots,  the  latter  being  a  single  pair  of 
confluent  linear  leaves;  the  placental  outgrowth  projects  beyond  the  aj>ex  of 
the  macrosporophyll,  and  bears  a  transverse  row  of  about  seven  seeds  at  its 
base. — In  Cunuinghamia,  the  placental  outgrowth  is  narrow  and  membranous. 
— In  Athrotaxis,  the  Tasmanian  Cypress,  the  placental  outgrowth  is  a  thick 
ridge. — Sequoia  includes  the  two  species  of  large  Californian  trees,  S.  sempei-virem , 
tbe  Californian  lled-wood,  and  .S',  {Welllngtonia)  gigantea,  celebrated  for  the 
great  height  to  which  they  grow  (over  300  feet) ,  with  a  circumference  of  50-60 
feet  at  the  base ;  the  placental  outgrowth  is  a  slight  transverse  ridge.    In  the 
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preceding  genera,  the  seeds  are  all  borne  on  the  placental  region  of  the  macro- 
sporophyJl  and  are  inverted ;  in  the  following  genera  the  seeds  are  axillary  and 
erect.  Cryptomeiia  has  an  erect  fringed  placental  outgrowth. — Taxodium,  is 
the  deciduous  Cypress  of  North  America ;  its  leaf-bearing  twigs  are  thrown  off 
each  year  {T.  distichuiu),  or  persist  for  two  years  (T.  mexicanum)  :  the  placental 
outgrowth  overgrows  the  macrosporophyll  as  the  cone  ripens. — Glyptostrobus 
is  the  Chinese  Water  Pine ;  it  differs  from  Taxodium  only  in  that  the  seed  has 
a  wing. 

Fam,  4.  Cupressineee:  monoecious,  sometimes  dioecious:  macrosporophylls 
with  a  projecting  placental  outgrowth :  seeds  axillary,  erect,  often  winged : 
microspores  without  expansions  of  the  exine :  leaves  always  arranged  in  whorls. 
In  the  sub-family  ActinostrohincCy  including  the  genera  Actinostrobus,  Calli- 
tris,  and  Fitzroya,tLe  ripe  cone  is  woody  and  the  constituent  macrosporophylls 
are  arranged  in  a  valvate  manner. 

In  the  sub-family  Tlmjopsidincs,  including  the  genera  Thujopsis  and  Thuja 
(inch  Libocedrus  and  Biota)  the  ripe  cone  is  woody  and  the  constituent  macro- 
sporophylls are  arranged  in  an  imbricate 
manner.  The  most  familiar  species  are 
Thuja  occidentalism  the  American  Arbor 
Vitse,  and  Thuja  (Biqia)  orirntalU,  the 
Chinese  Arbor  Vitse. 

In  the  sub-family  Cupresshiie,  includ- 
ing the  genera  Cupressus  and  Chamsecy- 
paris,  the  ripe  cone  is  woody  and  con- 
sists of  2-6  pairs  of  peltate  macrosporo- 
phylls coherent  by  their  margins  in  a 
valvate  manner.  The  genus  Cupressus, 
the  Cypress,  has  several  seeds  on  each 
macrosporophyll :  in  Chanifficyparis  each 
macrosporophyll  bears  only  two  seeds. 

The  sub-family  Junipennce,  including 
the  single  genus  Juniperus,  is  distin- 
guished from  the  preceding  sub-families 
in  that  the  flowers  are,  as  a  rule,  dioe- 
cious ;  the  ripe  cone  is  somewhat  fleshy, 
resembling  a  berry  or  a  drupe  ;  it  usually 
consists  of  one  whorl  of  macrosporophylls 
each  bearing  one  or  two  wingless  seeds. 
The  section  Caryocedrus  (Arceuthos),  containing  the  single  species  Juuiperus 
drupacea,  has  a  cone  consisting  of  3  or  4  whorls  of  macrosporopbylls  ;  whereas 
in  the  section  Oxycedrus  (including  Juniperus  conimmiis,  the  Juniper;  J.  Oxy- 
cedrus,  J.  macrocarpa,  and  other  species),  the  cone  consists  of  1-2  wborla  ;  and 
in  the  section  Sabina  (including/.  Sabina,  J.  virginiana,  etc.), it  consists  of  2-3 
^\horls  ;  the  innermost  or  uppermost  whorl  alone  is  fertile  as  a  rule,  in  Caryo- 
cedrus and  in  Oxycedrus,  but  is  sterile  in  Sabina  :  in  Caryocedrus  the  (2-3)  seeds 
are  coherent,  in  the  other  two  sections  they  are  free :  in  Sabina  the  flowers 
are  generally  monoecious ;  in  Sabina  also  the  leaves  (including  sporophylls)  are 
usually  in  whorls  of  2,  whilst  in  the  other  two  sections  they  are  in  whorls  of  3. 


Fig.  306.— 4  Branch  of  Thuja  occi- 
dentalis  (x6)  showing  lieterophylly ;  fc 
flank-leaves ;  /  surface-leaves;  Ji  resin- 
receptacle  (see  p.  464).  B  Fruit  of  Biota 
orientalis  (nat.  size) :  /  macrosporophylls 
with  ventral  outgrowths  d.;  d  (in  the 
middle  line)  sterile  sporophylls. 
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Sab-order  II.     Taxoide^  :  the  macrosporangiate  flowers  are,  as  a  rule,  not 
cones ;  the  seed  usually  projects  beyond  the  macrosporophylls  (when  present) 
and  has  a   succulent   testa   or   an   arillus  : 
flowers  generally  dioecious. 

Fam.  1.  Podocarpece  :  the  macrosporaugiate 
flower  consists  of  several  macrosporophylls 
each  bearing  a  single  macrosporangium  :  the 
ripe  seed  is  invested  by  an  arillus  :  the  micro- 
sporophylls  each  bear  two  microsporangia : 
the  microspores  have  expansions  of  the 
exine. 

This  family  includes  the  genera  Saxegothea, 
Microcachrys,  Podocarpus,  and  Dacrydium. 
Saxegothea  resembles  the  Cupressineas  n 
that  the  macrosporophylls  enclose  the  seeds : 
this  genus  is  monoecious.  On  the  other  hand 
Dacrydium  resembles  the  Taxeae  in  that  the 
macrosporophylls  are  very  similar  to  the 
foliage-leaves,  and  in  that  the  macrospor- 
angia  are  sometimes  borne  in  the  axils  of 
the  macrosporophylls,  and  are  then  erect, 
whereas  in  all  other  cases  they  are  inverted. 

Fam.  2.  Taxece  :  the  macrosporophylls 
are  usually  rudimentary  or  absent,  and  the 
macrosporangia  are  borne  on  the  axis  :  the 
seed  has  an  arillus  in  some  forms,  while  in 


Fig.  307.—  A  Macrosporangiate 
flower  oi  Junipenis  Sabina,  seen  from 
above  :  //  fertile  macrosporophylls, 
bearing  macrosporangia  s;  /'/' 
upper  part  of  sterile  sporophylls 
(mag.).  JB  and  C  Juniperus  com- 
munis. B  young  fruit:  ///  macro- 
gporophylls,  of  which  the  anterior 
is  turned  down  :  e  the  ovules.  C  ripe 
fruit;  the  limits  of  the  three  carpels 
are  only  distinguishable  at  the 
apex. 


others  it  has  a  succulent  testa  :  microsporo- 

phylls  with  2-9  microsporangia  :  microspores  without  expansions  of  the  exine. 

Phyllocladus,  remarkable  for  its  rudimentary  leaves  and  for  the  development 
of  its  dwarf-shoots  into  phylloclades,  has  thick  persistent  macrosporophylls ; 
in  the  axil  of  each  there  is  a  single  erect  macrosporangium  with  an  arillus : 
flowers  sometimes  monoecious. 
Ginkgo  hiloha  {Salisburia  adianti- 
folia),  the  Maiden-Hair  Tree,  is 
characterised  by  its  fan-shaped  de- 
ciduous leaves  with  furcate  vena- 
tion :  the  macrosporopliylls  are 
rudimentary :  the  macrosporangia 
are  borne  in  an  opposite  pair  at  the 
end  of  a  short  stalk :  no  arillus, 
but  the  testa  of  the  seed  becomes 
succulent.  Cepbalotaxus  (the 
Chinese  Yew)  and  the  genera  Taxus 
(the  Yew)  and  Torreya  (the  Fetid 
Yew  of  North  America)  have  only 
long  shoots  :  the  macrosporangiate 
flowers  and  the  ripe  seeds  of  Ce- 
pbalotaxus resemble  those  of  Gink- 


PxG.  308.— .4  Branch  of  Taxus  haccatn  V)earing 
a  fruit/,  which  consists  of  a  fleshy  arillus  en- 
closing a  seed.  B  Longitudinal  section  of  the 
end  of  a  branch  terminating  in  a  macrospo* 
rangiate  flower;  h  scaly  bracts;  fc  terminal 
macrosporangium  inucellus) ;  i  the  integument; 
m  the  micropyle ;  a  the  rudiment  of  the  arillus 
(x20). 
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go :  in  Torreya  and  Taxus  (Fig.  308)  there  are  no  macrosporophylls,  the  macro- 
sporangia  being  borne  singly  at  the  end  of  short  lateral  shoots,  and  the  seed 
has  a  fleshy  arillus.  Taxus  has  no  resin-ducts  in  its  tissues :  its  microsporo- 
phyll  is  peltate,  bearing  5-9  microsporangia  on  its  under  surface. 

Order  3.  Gnetaceae.  This  order  includes  but  three  genera,  Ephedra, 
Gnetum,  and  Welwitschia.  Though  they  differ  widely  from  each  other  in 
many  respects,  they  agree  in  that  they  have  opposite  leaves  ;  flowers  which  are 
not  cones  and  which  have  a  rudimentary  perianth,  but  have  no  macrosporophylls 
as  the  macrosporangia  are  borne  on  the  axis ;  an  albuminous  erect  seed ; 
a  dicotyledonous  embryo ;  and  secondary  wood  which  contains  true  vessels. 
They  are  generally  dioecious. 

The  flowers  are  arranged  in  single  or  compound  spicate  inflorescences,  arising 
either  singly  (Welwitschia)  or  in  clusters  from  the  axils  of  pairs  of  opposite  and 
decussate  bracts.  The  bracts  are  highly  developed  and  closely  packed  in  Wel- 
witschia, so  that  the  whole  inflorescence  has  a  somewhat  cone-like  appearance. 

The  perianth,  in  all  cases  uncoloured,  consists  of  a  single  pair  of  coherent 
perianth- leaves,  except  in  the  microsporangiate  flowers  of  Welwitschia,  where 
there  are  two  decussate  pairs  of  free  perianth-leaves. 

The  microsporangiate  flower,  in  addition  to  the  perianth,  consists :  in 
Ephedra,  of  a  short  projecting  axis  bearing  2-8  microsporophylls  represented 
by  sessile  or  shortly-stalked  anthers  each  bearing  two  microsporangia;  in  Gnetum, 
of  a  short  projecting  axis  directly  bearing  one  or  two  microsporangia ;  in  Welwit- 
schia, of  six  monadelphous  microsporophylls  with  well- developed  filaments  each 
bearing  a  terminal  anther  with  three  microsporangia,  surrounding  a  rudimentary 
macrosporangium,  with  a  projecting  integument,  in  the  centre  of  the  flower. 

The  macrosporangiate  flower,  in  addition  to  the  perianth,  consists:  in  all 
three  genera  of  a  terminal  macrosporangium,  borne  on  the  axis;  it  is  invested 
either  by  a  single  integument,  as  in  Ephedra  and  Welwitschia,  which  is  pro- 
duced  into  a  long  projecting  micropyle  ;  or  by  two  integuments  (Gnetum)  the 
inner  of  which  forms  a  long  projecting  micropyle. 

The  fruit  is  formed :  in  Ephedra,  by  the  succulent  development  of  some  of 
the  bracts  of  the  inflorescence  which  assume  a  red  colour  and  enclose  the  fruit- 
lets  formed  from  the  several  flowers  by  the  lignification  of  the  perianth  round 
the  seed ;  in  Gnetum,  by  the  succulent  development  of  the  perianth  and  the 
lignification  of  the  outer  integument,  in  each  separate  flower;  in  Welwitschia, 
by  the  further  development  of  the  bracts,  which  assume  a  bright  scarlet  colour, 
and  by  the  growth  of  the  perianth  around  the  seed  so  as  to  form  a  wing-like 
expansion,  the  winged  seeds  being  set  free  by  the  falling  to  pieces  of  the  cone- 
like inflorescence  from  below  upwards. 

Ephedra  is  a  genus  of  shrubby  plants,  with  rudimentary  leaves,  somewhat 
resembling  an  Equisetum.  It  is  especially  remarkable  on  account  of  its 
peculiar  embryogeny  (see  p.  471).     Habitat,  warmer  temperate  zone. 

Gnetum  is  a  genus  of  shrubs  or  trees,  for  the  most  part  climbers,  but  some 
erect-growing  {Gnetum  Gnemon):  with  its  broad  well- developed  foliage-leaves, 
with  pinnate  venation,  it  resembles  the  Dicotyledons  in  habit-  Habitat,  the 
tropics- 

Welwitschia  includes  the  single  species  IF.  mirabilis  :  it  is  remarkable  for  its 
short  thick  stem,  prolonged  below  into  a  tap-root,  with  a  broad  flat  somewhat 
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circular  bilobed  upper  surface,  a  single  long  persistent  foliage-leaf  being  borne 
at  the  margin  of  each  lobe :  the  inflorescences  are  borne  in  dichotomous  cymes, 
usually  in  the  axil  of  each  of  the  two  leaves.  Habitat,  Damaraland,  Western 
South  Africa. 


\ 


DIVISION  B. 
CLASS  II.— ANGIOSPERM^. 

The  plants  of  this  class  are  to  a  large  extent  herbaceous  annuals, 
biennials,  or  perennials ;  but  it  also  includes  a  great  number  of 
shrubs  and  trees. 

The  Sporophyte. 

The  General  Morphology  of  the  Vegetative  Organs  is  so  varied  that 
it  cannot  be  dealt  with  in  a  general  way.  The  reader  is  referred 
to  the  treatment  of  the  subject  in  Book  I,,  and  to  the  descriptions 
given  in  the  systematic  account  of  the  class. 

The  General  Morphology  of  the  Reproductive  Organs.  The  repro- 
ductive organs  are  pollen-sacs  (niicrosporangia)  and  ovules  (macro- 
sporangia),  borne  generally  on  sporophylls,  but  sometimes  directly 
on  the  floral  axis  {e.g.  microsporangia  of  Naias,  Casuarina,  etc.  ; 
raacrosporangia  of  Polygonum,  Primulaceae,  etc.)  :  they  are  de- 
veloped in  special  shoots  differentiated  as  flowers.,  and  the  flowers 
are  arranged  in  a  more  or  less  complex  branch-system,  the  w- 
fiorescence. 

The  Inflorescence  (see  p.  76).  It  is  only  in  comparatively  few 
cases  that  the  primary  axis  of  the  plant  terminates  in  a  flower ; 
such  plants  are  said  to  uniaxial :  it  is  usually  not  until  the  secon- 
dary or  tertiary  branches,  or  even  those  of  a  higher  order,  are 
developed,  that  a  flower  is  formed.  Such  plants  are  said  to  be 
6i-,  tri-,  or  poly -axial. 

The  floral  axis  of  the  Angiosperms  frequently  forms  an  elaborate 
branch-system  which  is  usually  sharply  defined,  as  a  sporophore, 
from  the  vegetative  shoots,  and  which  bears  leaves  which  are 
either  sporophylls  or  hypsophylls  (p.  59). 

In  the  inflorescence,  as  usually  in  all  parts  of  the  shoot  of 
Angiosperms,  the  branching  is  almost  always  monopodial  and 
axillary.  Some  apparent  exceptions  may  be  easily  reduced  to  this 
type :  thus,  in  the  racemes  of  most  of  the  CrucifereB  the  bracts  at 
the  bases  of  the  individual  lateral  branches  are  abortive,  and  the 
same  occurs  in  many  of  the  Composite.     In  the   Solanaceee  and 
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Boraginaceae  the  bract  often  undergoes  displacement,  so  that  it 
appears  to  be  inserted  laterally  upon  the  axillary  branch  ;  on  the 
other  hand,  it  sometimes  happens  that  the  axillary  branch  is 
adherent  to  the  main  shoot  for  some  distance. 

The  flowers  of  an  inflorescence  are  either  sessile  or  stalked,  the 
stalk  being  termed  a  pedicel. 

In  accordance  with  the  principles  of  branching  laid  down  on 
p.  33,  the  different  forms  of  inflorescences  may  be  classified  as 
folio w^s  : — 

A.  Racemose  Inflorescences  consist  of  a  maiu  axis  (rhachis,  peduncle), 
bearing  a  number  of  lateral  branches  developed  in  acropetal  (or  centripetal) 
succession,  constituting  a  monopodial  branch- system.  The  lateral  branches  do 
not  usually  grow  longer  than  that  portion  of  the  main  axis  which  lies  above 
their  points  of  origin.  If  the  lateral  shoots  of  the  first  order  terminate  in  a 
flower  without  again  branching,  the  inflorescence  is  said  to  be  simple ;  but  if 
they  branch,  it  is  compound. 

These  inflorescences  are  also  termed  indefinite,  not  because  the  apical  growth 
of  the  maia  axis  or  of  its  branches  is  unlimited,  but  because,  owing  to  the 
acropetal  succession  in  the  development  of  the  flowers,  the  growth  of  branches 
of  a  high  order  is  arrested,  by  the  development  of  a  terminal  flower,  earlier  than 
that  of  branches  of  a  lower  order :  for  instance,  the  growth  of  the  secondary 
branches  is  arrested  before  that  of  the  main  axis,  that  of  the  tertiary  branches 
before  that  of  the  secondary  branches,  and  so  so. 

I.  Simple  racemose  inflorescences  : 

(a)  With  an  elongated  main  axis  :  the  lateral  shoots  spring  from  the  axis  at 
some  distance  from  each  other.  The  three  following  forms  may  be  distin- 
guished : 

(1)  The  spike,  iu  which  the  lateral  branches  are  flowers  which  are  sessile  on 
the  main  axis,  or  have  very  short  pedicels  (Fig.  309  A)  ;  e.g.  the  inflorescence 
of  the  Plantain  (Plantago).  The  small  spikes  of  the  Glumales  are  termed 
spikelets. 

(2)  The  spadix,  which  differs  from  the  spike  only  in  having  a  thick  and  fleshy 
axis  ;  a  large  bract  forming  a  sheath,  called  a  spathe,  commonly  grows  at  the 
base  of  the  inflorescence  and  envelopes  it  more  or  less ;  e.g.  Arum  and 
Kichardia. 

(3)  The  raceme,  in  which  the  lateral  branches  are  flowers  with  pedicels  of 
nearly  equal  length,  e.g.  the  Cruciferte,  as  the  Radish,  Cabbage,  etc. ;  in  these 
the  bracts  of  the  individual  flowers  are  not  developed ;  also  Berberis  and  others. 

(j3)  With  a  short  main  axis  ;  the  lateral  branches  are  set  closely  together  on 
the  short  or  flattened  main  axis. 

(4)  The  capitulum  (head)  in  which  the  short  main  axis  is  conical  or  disc- 
shaped  or  even  hollowed  out,  and  is  closely  covered  with  lateral  branches  in 
the  form  of  sessile  flowers  (Fig.  309  D),  e.g.  the  Compositoe,  as  Dandelion, 
Sunflower ;  also  the  Scabious.  The  bracts  (paleae)  of  the  individual  flowers 
(Fig.  309  Dp)  are  sometimes  wanting ;  but  the  whole  head  is  surrounded  at  the 
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base  by  a  number  of  bracts  forming  an  involucre  (Fig.  309  D  i)  which  gives  the 
inflorescence  the  appearance  of  being  one  single  flower. 

(5)  The  ximhel,  composed  of  a  number  of  lateral  branches,  in  the  form  of 
pedicillate  flowers,  springing  together  from  a  very  short  axis  which  commonly 
terminates  in  a  flower  (Fig.  309  G  d)  ;  e.g.  the  Umbelliferce  and  the  Ivy.  The 
bracts  of  the  separate  pedicels  forming  the  rays  are  usually  present  in  diminished 
number  ;  they  form  an  involucre. 

II.  Cor<,pound  racemose  injiorescences  are  formed  when  the  lateral  shoots 
which  bear  flowers,  as  described  above,  are  again  branched,  or,  in  other  words, 
when  inflorescences  of  the  types  above  enumerated  are  united  to  form  a  larger 
inflorescence ;  for  instance,  when  several  capitula  are  arranged  on  the  main 
axis  in  the  same  way  as  the  flowers  of  a  raceme.  The  same  terms  are  applied 
to  the  first  ramification  of  the  compound  inflorescence  as  to  the  simple  ones 
described  above  ;  the  above-mentioned  example,  for  instance,  is  a  raceme  of 
capitula,  and  is  termed  a  capitulate  raceme.  Compound  inflorescences  may  be 
classified  as  follows : 

(a)  Homogeneously  compound;  in  these  the  branches  of  the  first  and  second 
(or  higher)  orders 
are   of  the  same 
character. 

(6j  The  com- 
pound spike  ;  in 
this  form  many 
simple  spikes  are 
arranged  on  the 
main  axis  of  the 
inflorescence  in 
the  same  way  as 
the  flowers  in  a 
simple  spike,  or, 
in  other  words, 
the  main  axis  of 
the  spike  bears 
secondary  spikes 
instead  of  single 
flowers,  e.g.  the  inflorescence  of  Wheat,  Rye,  etc. 

(7)  The  compound  raceme  ;  in  this  case  emaller  racemes  grow  on  the  main 
axis  of  the  raceme ;  the  ramification  is  in  many  cases  still  further  repeated  in 
such  a  way  that  it  is  more  complex  at  the  base  of  the  primary  raceme  than 
towards  tbe  apex,  e.g.  the  Grape-vine  (Fig.  309  B). 

(8)  The  compound  umbel  (Fig.  309  C).  This  is  far  more  common  than  a 
simple  umbel,  and  is  in  fact  usually  called  an  umbel;  the  separate  simple 
umbels  (Fig.  309  C  d)  are  then  called  umbellulef,  and  their  respective  involucres 
are  invnlucels. 

(j3)  Heterogeneously  compound  inflorescences;  in  these  the  branches  of  the 
different  orders  are  dissimilar.  In  consequence  of  this  so  many  complicated 
forms  arise  that  it  is  impossible  to  enumerate  and  name  all  the  combinations. 
As  examples,  the  following  will  only  be  mentioned :  the  capitulate  raceme. 
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Fig.  309.— Diagrams  of  the  varieties  of  racemose  inflorescences. 
A  Spike.  B  Compound  raceme.  C  Compound  umbel ;  d  rays 
of  the  umbel;  i  involucre;  dj  secondary  rays  of  the  umbellules; 
ii  involucel.    D  Acapitulum;  i  involucre  ;  b  flower;  p  bracts. 
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which  consists  of  a  number  of  capitula  arranged  in  a  raceme  ;  it  occurs  in  many 
of  the  Compositae,  e.g.  Petasites :  the  spicule  capitiilum,  which  consists  of 
several  spikes  forming  a  capitulum,  as  in  the  Scirpoideas  :  the  spicule  raceme, 
which  occurs  in  many  Grasses,  in  which  the  last  branches  of  a  compound 
raceme  are  spikes. 

B.  Cymose  Injiore»cences  :  the  main  axis  produces  one,  two,  or  more  lateral 
branches — rarely  several—  at  the  same  level  below  its  apex,  which  grow  more 
vigorously  than  the  main  axis,  and  repeat  the  same  type  of  branching. 

These  inflorescences  are  also  termed  dejinile  because  the  growth  of  each  axis 
is  arrested,  by  the  development  of  a  terminal  flower,  before  that  of  the  lateral 
branch  or  branches  which  it  bears.  The  simplest  kind  of  definite  inflorescence 
is  that  in  which  the  axis  (peduncle)  does  not  branch,  but  bears  a  single  terminal 
flower. 

Cymose  inflorescences  are  also  termed  cenlrifagal,  because  the  development 
and  expansion  of  the  flowers  begins  with  the  primary  axis,  and  occurs  succes- 
sively in  the  axes  of  the  second,  third,  and  higher  orders. 

I.  In  the  simple  cyme  the  ramification  in  the  secondary  and  higher  orders 
follows  the  same  type. 

(a)   Withoul  a  pseud-axis  (see  page  35). 

The  cyme  :  beneath  the  terminal  flower  spring  several — three  or  more — 
lateral  shoots  of  equal  vigour,  e.g.  many  Euphorbiae.  This  inflorescence  greatly 
resembles  the  true  umbel,  and  in  fact  cannot  be  distinguished  from  a  true 
umbel  which  has  a  terminal  flower.  The  identification  of  an  inflorescence  as 
belonging  to  the  cymose  type  depends  in  many  cases  on  the  fact  that  in  the 
higher  orders  of  branching  the  cymes  are  reduced  to  dicbasia. 

The  dichasiiim  (Figs.  19  C  and  20)  consists  of  only  two  equal  lateral  shoots 
arising  at  the  same  level  below  the  terminal  flower,  and  branching  in  a  similar 
manner.  The  successive  false  dichotomies  commonly  decussate,  e.g.  Valerian- 
ella  and  the  weaker  inflorescences  of  many  Euphorbia. 

(/3)   Wilh  a  pseud-axis. 

The  scorpioid  cyme  (cincinnus  and  rhipidium) :  in  this  the  lateral  branches 
occur  alternately  on  opposite  sides  (Fig.  19  A  and  B) :  Boraginaceae,  Crassu- 
laceae,  Iridacero,  Commelynaceae,  etc. 

The  helicoid  cyme  (bostryx  and  drepanium) :  the  lateral  branches  of  the 
successive  ramifications  always  occur  on  the  same  side  (Fig.  19  D) :  this  is 
frequently  found  in  Monocotyledons,  such  as  Hemerocallis,  Ornithogalum, 
Alstroemeria,  Juncaceae. 

It  has  been  ascertained,  however,  that  in  many  cases  (various  Solanaceae  and 
Boraginaceae)  the  so-called  scorpioid  cymes  are  monopodial ;  the  axis  is  there- 
fore not  a  pseud-axis  but  a  true  one,  and  the  inflorescence  must  be  regarded  as 
a  unilateral  raceme. 

II.  Compound  cymose  inflorescences  arise  on  the  one  hand  from  the  reduction 
of  the  ramification  in  the  higher  orders,  as,  for  instance,  when  the  secondary 
members  of  a  cyme  are  not  cymes,  but  dichasia :  these  are  dichasial  cymes ; 
they  occur  in  many  Euphorbias :  again,  when  dichasia  terminate  in  scorpioid  or 
helicoid  cymes.  On  the  other  hand  it  sometimes  occurs  that  helicoid  cymes 
are  combined  to  form  scorpioid  cymes,  as  in  Geranium. 

C.  Compound  racemose  and  cymose  inflorescences.     It  may  occur  that  a  com- 
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pound  inflorescence  changes  in  type  in  the  different  orders  of  ramification. 
Thus  the  branches  of  the  first  order  may  exhibit  a  racemose  arrangement,  and 
those  of  the  second  a  cymose  arrangement,  as  in  the  dichasial  racemes  of  many 
Euphorbite  {e.p.  E.  Esuhi,  amyfjdaloides),  in  the  scorpioid  racemes  of  the  Horse- 
chestnut,  and  in  the  helicoid  capitula  of  many  species  of  AlHum.  On  the  other 
hand  the  branches  of  the  first  order  may  have  a  cymose,  and  those  of  the 
second  a  racemose  arrangement;  for  instance,  the  helicoid  cymes  of  capitula  in 
Cichorium. 

Finally,  there  are  certain  terms  used  in  describing  inflorescences  which  refer 
only  to  the  general  external  appearance  rather  than  to  the  mode  of  formation  of 
the  inflorescence  :  thus,  the  panicle  is  a  pyramidal  inflorescence  generally  of  the 
racemose  type,  at  least  in  its  first  ramification  :  the  corymb  is  a  racemose  in- 
florescence of  which  all  the  ultimate  ramifications  lie  in  one  plane  and  bear 
flowers,  e.g.  the  Elder,  many  Cruciferae :  the  amentum  (catkin)  is  a  simple  or 
compound  spicate  inflorescence,  usually  pendulous  and  elongated,  bearing  in- 
conspicuous monosporangiate  flowers,  which  falls  off  entire  from  the  plant  when 
the  flowering  is  over.  Of  cymose  inflorescences  there  is  the  fascicle,  consisting 
of  a  number  of  flowers  on  pedicels  of  equal  length  (Sweet  William)  ;  the  glome- 
rule  (Nettle  and  Box)  or  veitlcillaster  (many  Labiatje),  consisting  of  a  few  sessile 
or  shortly  pedicillate  flowers;  and  the  anthela,  which  is  a  compound  inflores- 
cence, in  which  the  branches  of  the  first  order  are  gradually  shorter  from  below 
upwards  (or  rather  from  without  inwards),  as  in  Juncaceae. 

To  a  floral  axis  arising  from  the  ground,  with  no  leaves,  or  with  only  a  few 
bracts,  bearing  a  single  flower  or  a  more  or  less  complex  inflorescence,  the  term 
scape  is  applied. 

The  Bracts  (p.  79)  are  leaves  borne  on  the  inflorescence,  in  the 
axils  of  which  the  flowers  are  developed  :  there  may  be  a  single 
lai'ge  bract,  termed  Sispathe,  enclosing  the  whole  inflorescence,  as  in 
palms  and  in  the  Arum  Lily  (Zantedeschia  cethiopica)  where  fche 
bract  is  white  ;  or  the  bracts  may  be  brightly  coloured  (petaloid),  as 
in  Poinsettia  and  other  Euphorbiacese  where  they  are  red,  and  in 
Leycesteria  formosa,  Melampyrum,  etc. ;  or  the  bracts  may  be  scaly,    j 
forming  an  involucre  round  the  inflorescence  as  in  the  Compositae  :    f 
the  glumes  of  the  Grasses  are  scaly  bracts  ;  the  bracts  are  frequently    t 
not  very  unlike  the  foliage-leaves,  differing  from  them  mainly  in 
form  and  size. 

The  portion  of  the  floral  axis  below  the  flower  (i.e.  the  peduncle 
or  the  pedicel)  commonly  bears  one  or  more  hracteoles  or  prophylla. 
In  most  Monocotyledons  there  is  a  single  posterior  prophyllum, 
whilst  in  most  Dicotyledons  there  are  two  lateral  prophylla.  In 
some  Monocotyledons,  however  (e.g.  Hydrocharidaceee,  such  as 
Elodea,  Vallisneria,  Halophila ;  and  Amaryllidaceae,  such  as 
Galanthus,  Narcissus,  Leucojum,  etc.),  there  are  two  lateral  pro- 
phylla (remaining  free  in  Hajmanthu.s)  which  unite  to  form  the 
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so-called  spathe  which  invests  the  flower  of  these  plants.  On  the 
other  hand,  some  Dicotyledons  have  a  single  prophyllum  which  is, 
however,  always  lateral  :  this  is  frequently  the  result  of  the  sup- 
pression of  the  second  prophyllura,  but  there  are  cases  (Banuncuhis 
aquatilis,  auricomus,  Lirigua)  in  which  this  is  apparently  the  normal 
condition. 

In  some  cases  several  bracteoles  are  arranged  in  a  whorl,  forming 
an  epicalyx,  either  close  beneath  the  flower  (as  in  Malva,  Anemone 
Hepatica,  Dipsacus,  Clasia,  Camellia),  or  at  some  distance  below  it 
(other  species  of  Anemone).  In  some  Nyctaginaceoe  the  epicalyx! 
may  become  an  involucre  enclosing  several  flowers  ;  this  is  due  to 
the  fact  that  flowers  are  developed  in  the  axils  of  some  of  the  bracte- 
oles of  the  terminal  flower.  Though  they  are  generally  green,  the 
bracteoles  are  sometimes  brightly  coloured,  as  in  some  Amarantaceae 
and  Nyctaginaceae  ;  or  scaly,  as  the  lodicules  of  Grrasses, 

The  Flower  (p.  76)  consists  of  an  axis  bearing,  as  a  rule,  both 
perianth-leaves  and  sporophylls  on  the  somewhat  shortened  and  ex- 
panded terminal  portion  of  the  axis  which  is  the  receptacle  or  torus. 

The  perianth-leaves  are  generally  differentiated  into  two  series  : 
an  outer,  of  usually  rather  small  green  leaves,  the  sepals,  consti- 
tuting the  calyx :  an  inner,  of  usually  conspicuous  brightly  coloured 
leaves,  the  petals,  constituting  the  corolla. 

The  flower  is  usually  ambisporangiate  (hermaphrodite,  mono- 
clinous),  but  is  not  infrequently  monosporangiate  (unisexual, 
diclinous,  or  even  dioecious).  The  sporangia,  with  but  few  excep- 
tions, are  borne  upon  sporophylls  (see  p.  78) :  the  microsporophylls 
(stamens)  constitute  the  androecium,  the  macrosporophylls  the 
gynoeceum,  of  the  flower. 

The  growth  of  the  floral  axis  terminates  with  the  development 
of  the  floral  leaves  at  its  apex,  excepting  in  abnormal  cases  ;  and 
buds  are  not  developed,  except  in  monstrosities,  in  the  axils  of 
these  leaves.  The  characteristic  feature  of  that  portion  of  the 
floral  axis  which  actually  bears  the  flower  is  that  the  internodes 
between  successive  floral  leaves  or  w^horls  of  leaves,  are  not  as  a 
rule  developed,  so  that  all  the  floral  leaves  are  closely  packed  and 
are  nearly  at  the  same  level,  the  perianth- leaves  being  external 
and  the  sporophylls  internal.  It  occasionally  happens,  however, 
that  one  or  more  of  the  internodes  within  the  flower  may  be  deve- 
loped to  some  extent :  for  instance,  the  internode  (termed  antlio- 
phore)  between  the  calyx  and  the  corolla,  as  in  Lychnis  and  some 
other  Caryophyllaceoe ;  that  (termed  gonophore)  between  the  corolla 
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and  the  androecium,  as  in  the  Passion-Flower,  and  in  Orchids 
where  the  styles  adhere  to  it  forming  the  gynostemium  or  column ; 
that  (termed  gynophore)  between  the  androecium  and  the  gynseceum, 
as  in  Cleome  (Capparidacese),  some  Gentians,  and  some  Cruciferae  : 
in  Gynandropsis  (Capparidaceae)  two  internodes  are  developed,  a 
gonophore  and  a  gynophore. 

When  the  axis  grows,  as  is  usually  the  case,  equally  in  all  parts, 
the  gynseceum,  being  nearest  to  its  apex,  is  the  uppermost  part  of 
the  flower.  When  this  is  the  case  its  insertion  is  above  that  of 
the  androecium  and  perianth  (Fig.  310  H),  and  the  ovary  is  said 
to  be  superior  and  the  flower  hypogynous,  as  in  Ranunculus,  Papa- 
ver,  Lilium,  and  Primula.  But  in  a  great  number  of  plants  the 
perianth  and  androecium  are  raised  by  the  intercalary  growth  (see 
p.  17)  of  a  lower  portion  of  the  axis  (as  represented  by  the  outer 


Fig.  310.— Diagram  of  H  hypogynous  ;  P  perigynous ;  E  epigynous  flowers ;  a  axis ; 
k  calyx ;  c  corolla ;  s  stamens  ;  /carpels  ;  n  stigma ;  sfc  ovale. 

portion  of  the  torus)  and  stand  on  a  circular  rim  surrounding  the 
apex  of  the  axis  which  lies  at  a  lower  level.  Of  this  condition 
two  different  forms  occur: — in  the  one,  the  carpels  are  inserted  in 
the  depression  at  the  apex  of  the  axis  (Fig.  310  P),  and  there  form 
one  or  more  ovaries  free  from  it,  primarily  at  least,  though  they 
may  subsequently  become  adherent  to  it;  in  such  cases,  as  in  the 
Rose  and  Apple,  the  flower  is  said  to  be  perigynous :  in  the  other, 
the  carpels  spring  from  the  upper  rim  of  the  cavity  which  is 
formed  by  the  axis  itself  and  simply  cover  it  in  at  the  top  ;  such 
flowei'S  are  said  to  be  epigynous^  and  the  ovary  to  be  inferior^  e.g. 
Gourds  and  UmbellifersB  (Fig.  310  E).  Many  transitional  forms 
between  these  two  extremes  are  found. 

Stipules  are  sometimes  developed  in  connection  with  the  floral 
leaves;  thus  in  some  Rosaceee  (Potentilla,  Comarum,  Geum,  Al- 
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chemilla)  the  stipules  of  the  sepals  form  a  calyculus  or  epicalyx : 
stipules  are  developed  in  connexion  with  the  petals  of  some 
Sapotaceoe  (Dipholis,  Mimusops)  ;  and  in  connexion  with  the 
stamens  of  Allium,  Ornithogalum,  some  Zygophyllaceae,  etc. 

The  Phyllotaxy  of  the  Flower.  The  floral  leaves,  like  the  foliage- 
leaves  on  the  stem  (see  p.  25),  are  frequently  arranged  spirall}^ 
(e.g.  Calycanthus,  Anemone,  TroUius)  when  the  flower  is  acyclic. 
The  most  common  divergence  is  f,  but  higher  divergences  also 
occur,  especially  in  the  andrcecium,  when  numerous  small  organs 
are  inserted  upon  an  expanded  axis  (e.g.  Ranunculus).  In  the" 
spiral  or  acyclic  flower  there  is  either  no  well-marked  distinction 
of  the  various  series,  that  is,  the  members  of  the  calyx,  corolla, 
and  andrcecium,  are  connected  by  intermediate  forms  {e.g.  Nym- 
phgea) ;  or  the  various  series  are  sharply  defined,  each  series  taking 
up  one  or  more  turns  of  the  spiral. 

In  most  cases  the  floral  leaves  are  arranged  in  whorls,  that  is, 
the  flowers  are  cyclic.  Cyclic  flowers  are  connected  by  inter- 
mediate forms  with  the  acyclic,  especially  through  pentamerous 
forms.  Thus  some  pentamerous  flowers  are  hemicyclic,  that  is, 
some  of  their  floral  leaves  are  arranged  spirally,  and  the  others  in 
whorls.  Instances  of  a  spiral  perianth  combined  with  cyclic  sporo- 
phylls  are  afl^orded  by  those  flowers  in  which  the  members  of  the 
perianth,  calyx,  or  corolla  are  developed  in  f  succession,  and  the 
prefloration  is  quincuncial  (see  p.  60)  ;  the  perianth  is  spiral  in 
the  flowers  of  the  Cannabinaceae,  Chenopodiaceae,  and  Amarantaceae ; 
the  calyx  is  spiral  in  the  flowers  of  the  Bindweed  (Calystegia 
Sepium),  the  Rose,  some  Boraginacese  (Cerinthe,  Echium,  etc.), 
Geraniaceae,  Oxalidacese,  Linaceae,  Caryophyllaceas,  and  many  other 
dicotyledonous  orders ;  both  calyx  and  corolla  are  spiral  in  Tern- 
stroemia  and  Clusia.  Though  the  phyllotaxy  is  not  f  in  Camellia, 
the  calyx  and  corolla  are  spirally  arranged.  In  other  cases,  the 
sporophylls  are  spirally  arranged,  whilst  the  perianth-leaves  are 
cyclic.  For  instance,  in  Magnolia,  Ranunculus,  and  Helleborus, 
both  stamens  and  carpels  are  spirally  arranged  ;  and  in  Delphinium 
and  Aconitum,  the  stamens  only. 

Closely  related  to  the  foregoing  cases  of  f  phyllotaxy — occur- 
ring in  fact  not  only  in  flowers  of  closely  allied  species,  but  also 
in  flowers  of  the  same  species — are  certain  of  the  typical  forms  of 
cyclic  arrangement  in  which  each  series  (whether  perianth,  calyx, 
corolla,  or  andrcecium),  instead  of  consisting  of  five  floral  leaves, 
taking  up  two  turns  of  a  spiral  with  a  divergence  of  f ,  consists  of 
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four  or  six  leaves  arranged  in  two  whorls,  consisting  respectively 
of  two  or  three  leaves. 

For  purposes  of  comparative  description,  it  is  convenient  to 
regard  each  turn  of  the  spiral  in  an  acyclic  or  a  hemicyclic  flower 
as  equivalent  to  a  whorl :  thus  a  well-defined  series  with  f  arrange- 
ment would  represent  two  whorls. 

As  in  the  case  of  the  foliage-leaves  (see  p.  45),  so  in  that  of  the 
floral  leaves,  the  order  of  development  is  as  a  rule  acropetal : 
hence  each  whorl  of  the  flower  is  developed  later  than  the  one 
external  to  it,  and  earlier  than  the  one  internal  to  it.  When, 
however,  a  series  of  floral  organs  is  becoming  degenerate,  its  de- 
velopment is  retarded ;  for  instance,  in  the  CompositaB,  Valeri- 
anaceop,  and  Umbelliferae,  the  degenerate  calyx  is  developed  after 
the  corolla,  or  even  after  the  androecium.  The  members  of  each 
whorl  may  be  developed  either  simultaneously  or  successively. 

In  their  arrangement,  also,  the  floral  leaves  resemble  the  foliage- 
leaves.  When,  in  an  acyclic  or  hemicyclic  flower,  the  spiral  is 
continuous  wnth  the  same  divergence  from  one  series  of  floral 
organs  to  another,  the  members  of  the  successive  series  lie  on 
the  same  radii  drawn  from  the  centre  of  the  flower,  that  is,  they 
are  directly  superposed.  A  good  example  of  this  is  afforded  by 
the  terminal  flower  of  the  inflorescence  of  Berberis  (Fig.  311 ; 
occasionally  in  Epimedium,  and  also  in  Gagea  among  Monocotyle- 
dons), where  the  stamens,  petals,  and  sepals  are  all  directly  super- 
posed :  similai'ly  in  Ternstra3mia  and  Clusia,  where  the  sepals  and 
petals  are  in  a  continuous  f  spiral,  the  petals  are  superposed  on 
the  sepals.  When,  on  the  other  hand,  the  divergence  varies  from 
one  series  to  another,  direct  superposition  does  not  occur,  but  some 
form  of  alternation,  as  is  generally  the  case  in  acyclic  flowers :  for 
instance,  the  calyx  of  certain  (pentamerous)  forms  of  Anemone 
and  other  RanunculaceoB  is  arranged  with  a  |  divergence,  whereas 
the  divergence  of  the  stamens  is  -^\  or  /y.  In  hemicyclic  flowers 
with  a  simple  spiral  perianth  and  cyclic  stamens  (e.g.  Canna- 
binaceoe,  Chenopodiaceae,  Amarantaceee),  the  stamens  are  super- 
posed on  the  perianth-leaves. 

When  the  floral  leaves  arc  in  whorls  consisting  of  equal  numbers 
of  members,  the  general  rule  is  that  the  members  of  the  successive 
whorls  alternate  with  each  other:  thus,  in  a  flower  with  calyx, 
corolla,  androecium,  and  gyneeceum,  each  consisting  of  a  single 
whorl  of  five  members,  the  petals  alternate  with  the  sepals,  the 
stamens  with  the  petals,  and  the  carpels  with  the  stamens  ;  and 
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if  radii  be  drawn  from  the  centre  of  the  flower,  it  will  be  seen 
that  the  stamens  are  opposite  to  the  sepals  and  the  carpels  to  the 
petals,  or  more  briefly,  that  the  stamens  are  antisepalous  and  the 
carpels  are  antipetalous.  This  is  not,  however,  a  case  of  direct 
superposition,  since  the  corolla  intervenes  between  the  androecium 
and  the  calyx,  and  the  androecium  intervenes  between  the  gynoe- 
ceum  and  the  corolla. 

There  are,  however,  certain  cases  in  which  this  law  of  alternation 
does  not  prevail,  in  which,  that  is,  the  members  of  successive 
whorls  are  directly  superposed.  For  instance,  the  (4-5)  stamens 
are  directly  antipetalous  in  several  natural  orders  (Primulacese, 
Myrsinaceae,  Sapotaceee,  Plumbaginacese,  Ampelidaceae,  Rham- 
naceae)  ;  again,  in  some  Carapanulacese  (e.y.  Campanula  Medium, 
Fig.  312,  Michanxia)  the  (5)  carpels  are  directly  superposed  on 
the  stamens. 

The  Floral  Diagram. — These  various  arrangements  of  the  floral 


Fio.  311.— Floral  diagram  (ground-plan) 
of  an  acyclic  flower,  with  f  divergence  in 
the  caljx,  corolla,  and  androecium  (ter- 
minal flower  of  Berberis :  after  Eichler). 


Fig.  312.  — Floral  diagram  of  Cam- 
panula Medium :  the  five  carpels  are 
directly  superposed  on  the  stamens. 
(After  Eichler). 


leaves,  like  those  of  the  foliage-leaves,  are  most  clearly  repre- 
sented by  means  of  diagrams  (see  p.  25).  In  a,  floral  diagram,  the 
calyx  lies  externally,  and  the  gyneeceum,  as  being  the  uppermost 
series  of  organs  (even  in  epigynous  flowers)  lies  most  internally. 
In  order  to  be  able  readily  to  distinguish  the  various  series, 
symbols  are  used  which  recall  some  peculiarity  of  their  form  : 
thus  the  midrib  of  the  sepals  is  indicated,  and,  in  the  case  of 
the  stamens,  the  anthers. 

If  only  such  relations  of  position  as  can  be  actually  observed  in 
a  flower  are  indicated  in  the  diagram,  a  simple  empirical  diagram 
is  the  result.  If,  however,  the  results  of  the  investigation  of  the 
development  of  the  flower  and  of  the  comparison  of  it  with  others 
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be  borne  in  mind,  a  general  plan  of  arrangement  will  be  detected, 
and  the  individual  peculiarities  of  arrangement,  quite  apart  from 
any  variation  in  the  form  of  the  oi'gans,  will  be  seen  to  be  due 
either  to  the  suppression  of  one  or  more  whorls  or  of  one  or  more 
members  of  a  whorl,  or,  more  rarely,  to  a  multiplication  of  the 
whorls  or  of  their  members.  If,  however,  the  organs  which  are 
absent,  but  which  should  typically  be  present,  be  indicated  in  the 
empirical  diagram  by  dots,  it  becomes  a  theoretical  diagram.  In 
this  way  it  is  possible  to  arrive  at  general  types  on  which  large 
numbers  of  flowers  are  constructed.  Fig.  313,  for  instance,  is 
the  empirical  diagram  of  the  flower  of  the  Lily,  and  it  is  at  the 
same  time  the  type  on  which  the  flower  of  Grasses  (Fig.  314)  is 
constructed  in  which  certain  organs  are  suppressed. 

In  constructing  a  floral  diagram  the  position  of  the  main  axis 
should  be  indicated  by  a  dot  placed  above  the  diagram :  the 
bract,  which  would  of  course  be  exactly  opposite  to  it,  may  or  may 


Fig.  313.— Floral  Diagram 
of  a  Lily, 


Fig.  314.— Floral  Diagram 
of  a  Grass. 


Fig.  315.— Floral  Dia- 
gram of  a  Crucifer ;  the 
median  stamens  are 
duplicated. 


not  be  indicated  :  the  side  of  the  flower  toward  the  main  axis  is 
paid  to  be  posterior^  and  that  toward  the  subtending  bract,  anterior. 
A  plane  which  passes  through  the  flower  and  also  through  the 
main  stem  and  the  median  line  of  the  bract  is  termed  the  median 
plane  or  section  of  the  flower :  the  plane  which  cuts  the  median 
plane  at  right  angles  is  the  lateral  plane  or  section:  and  the 
plane  which  bisects  the  angles  made  by  the  intersection  of  the 
median  and  lateral  planes  is  the  diagonal  plane  or  section :  any 
plane  other  than  these  is  said  to  be  oblique.  By  means  of  these 
conceptions  the  position  of  the  parts  of  a  flower  may  be  accurately 
indicated:  thus,  in  describing  the  flower  of  the  Cruciferse  (Fig. 
315),  the  two  external  sepals  lie  in  the  median  plane;  the  two 
inner  sepals,  the  two  outer  stamens,  and  the  two  carpels,  in  the 
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lateral  plane ;  whilst  the  petals  and  the  four  inner  stamens  lie  in 
the  diagonal  planes. 

The  number  and  the  relations  of  the  different  parts  of  the  flower 
may  be  indicated  not  by  diagrams  only,  but  also  by  formalae  in 
which,  as  in  the  diagrams,  for  the  sake  of  clearness,  all  the 
peculiarities  of  form  are  overlooked.  Thus  the  diagram  Fig. 
313  may  be  expressed  by  the  formula  Jt3,  C3,  J3  +  3,  G^-\  which 
means  that  the  calyx  K,  and  the  corolla  0,  each  consist  of  a 
single  whorl  of  three  members,  the  androecium  of  two  whorls 
each  of  three  members,  and  the  gynaeceum  of  one  whorl  of  three' 
members,  all  in  regular  alternation.  When  one  whorl  is  super- 
posed on  another,  the  superposition  is  indicated  in  the  formula  by 
a  line  |  between  the  whorls.  If  the  number  of  members  in  any 
whorl  is  variable,  the  letter  n  is  used  instead  of  a  number.  Thus, 
for  instance,  Ku,  Cn,  An  +  n,  Gn  is  the  theoretical  formula  of 
most  Monocotyledons.  The  absence  of  a  whorl  is  expressed  by  a 
cypher  0,  and  of  individual  members  by  the  number  of  those 
actually  present.  Thus  the  formula  for  the  flower  of  a  Grass 
(Fig.  314)  is  KO,  CO,  ^3  +  0,  (?\  Superior  and  inferior  ovaries 
are  indicated  by  a  stroke  below  or  above  the  corresponding  figure, 
and  duplication  by  the  exponent  2;  thus  the  diagram  Fig.  315 
is  represented  by  the  formula  K2  +  2,  C  X  4,  A2  -\-  2^,  G^, 
the  X  after  C  indicating  that  the  position  of  the  petals  is  diagonal, 
i.e.  that  the  four  petals  alternate  with  the  four  sepals,  as  if  the 
latter  all  belonged  to  the  same  whorl.  The  bracket  in  which  the 
number  of  the  carpels  of  the  gynaeceum  G  is  enclosed,  indicates 
that  the  members  thus  bracketed  are  coherent.  Staminodia  may  be 
distinguished  by  a  f  before  the  figure.  When  the  perianth  is  not 
differentiated  into  calyx  and  corolla,  it  is  expressed  by  the  letter 
P:  thus  the  formula  for  the  flower  of  Chenopodium  is  P5  |  ^5  (r^. 

The  Number  of  Members  in  a  Whorl  shows  considerable  varia- 
tion :  thus,  in  Monocotyledons  it  is  generally  three  (rarely  two  or 
five),  whereas  in  Dicotyledons  it  is  frequently  five,  less  frequently 
two  or  four,  rarely  three  (e.y.  most  Lauraceae,  Berberis,  Rheum, 
Polygonum).  The  number  of  members  in  a  whorl  is  indicated 
by  the  terms  di-  tri-  tetra-  penta-merous,  etc.  Whorls  containing  the 
same  number  of  members  are  said  to  be  isomerous ;  or,  when  the 
number  of  members  is  not  uniform,  heteromerous.  Flowers  having 
isomerous  whorls  are  said  to  be  eucyclic  or  isocyclic,  whereas  when 
the  whorls  are  heteromerous  the  flowers  are  said  to  be  heterocyclic. 
Of  these  two  conditions  the  latter  is  the  more  common,  though  the 


GROUP   IV. — PHANEROGAMIA  :    ANGIOSPERM^,  601 

former  is  frequently  realized  (e.g.  many  Monocotyledons).  The 
heterocyclic  condition  is  due  either  to  the  number  of  members  in 
one  or  more  of  the  whorls  being  smaller  (oUgomery)  or  greater  (pleio- 
mery)  than  that  which  is  the  typical  number.  The  commoner  cases 
of  oligomery  are  to  be  found  in  the  whorls  of  sporophylls,  especi- 
ally in  the  gynoeceum  :  for  instance,  the  typically  pentamerous 
flower  of  the  Saxifragacea3  is  heterocyclic  because  of  the  oli- 
gomerous  (dimerous)  gynaeceum;  similarly,  in  the  Scrophula- 
riaceae,  the  andrcecium  is  generally,  and  the  gynaeceum  is  always, 
oligomerous,  the  former  consisting  of  but  two  or  four  stamens,  the 
latter  of  but  two  carpels.  Pleiomery  is  of  less  frequent  oc- 
currence :  however  in  the  Cruciferae  (Fig.  315)  the  whorls  of  the 
calyx,  the  outer  whorl  of  stamens,  and  the  gynaeceum,  are 
dimerous,  but  the  corolla  and  the  inner  whorl  of  stamens  are 
tetramerous  and  hence  pleiomerous :  similarly,  one  or  more  whorls 
of  the  andrcecium  in  the  Papaveracese,  Phytolaccaceee,  and  Poly- 
gonaceae,  are  pleiomerous  :  and  probably  in  other  cases  where  the 
number  of  the  stamens  is  twice  that  of  the  petals  or  sepals,  that 
is,  where  the  flower  is  diplostemonous,  the  condition  is  due  rather 
to  pleiomery  (duplication)  of  a  single  whorl  than  to  the  develop- 
ment of  two  whorls  as  is  usually  assumed  (see  below,  under 
pleiotaxy).     Pleiomery  of  the  corolla  is  common  in  double  flowers. 

Heteromery  necessarily  affects  the  alternation  of  the  floral  leaves 
of  the  successive  whorls.  Thus,  in  the  Cruciferae,  where  the  calyx 
consists  of  two  alternating  dimerous  whorls,  and  the  corolla  of  a 
single  tetramerous  whorl,  the  four  petals  alternate  with  the  four 
sepals  just  as  if  the  sepals  all  belonged  to  a  single  whorl.  When, 
as  is  very  frequently  the  case,  the  gynaeceum  is  oligomerous,  the 
carpels  (or  carpel)  present  do  not  appear  to  occupy  any  definite 
position  with  regard  to  the  preceding  organs. 

The  Numher  of  Whorls  in  the  Floicer.  The  simplest  case  is  that  in 
which  each  series  of  floral  organs — calyx,  corolla,  andrcecium,  gynae- 
ceum— occupies  a  single  whorl,  or  is  monocyclic  :  this  is  realised  in 
a  few  natural  orders,  either  accompanied  with  regular  alternation 
(e.g.  Asclepias,  Cornus,  Caprifoliaceae  generally,  Iridaceae,  Orchi- 
daceae),  or  with  antipetalous  stamens  (e.g.  Rhamnaceae,  Ampeli- 
daceae).     In  this  case  the  flower  is  tetracyclic. 

More  commonly  one  or  more  of  the  series  may  occupy  two 
whorls,  or  be  dicyclic.  This  is  generally  the  case  when  the  whorls 
are  dimerous  (e.g.  both  corolla  and  andrcecium  of  Oleaceae  and 
Furaariaceae;  corolla  of  Papaver  :  calyx  and  andrcecium  of  Cruci- 
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ferae  ;  perianth  of  Urtica  and  Moras).  Where  the  whorls  are 
trimerous  the  dicjclic  condition  is  frequent  :  thus  in  the  majority 
of  Monocotyledons  there  are  two  whorls  of  stamens  whilst  all  the 
other  series  of  the  flower  are  monocyclic,  so  that  the  flower  is 
diplostemonous  with  regular  alternation  :  in  the  comparatively 
few  trimerous  flowers  of  Dicotyledons  the  dicyclic  condition  may 
be  observed  in  the  androecium  (Rheum,  Polygonum,  Berberis),  or 
in -calyx,  corolla,  and  androecium  (Cocculus).  The  f  calyx,  which 
is  to  be  found  in  very  many  Dicotyledons,  may  be  regarded  as 
equivalent  to  a  dicyclic  calyx  (see  p.  497).  A  dicyclic  gynasceum 
is  to  be  found  in  a  few  Monocotyledons  (e.g.  Alisma,  Butomus) 
and  Dicotyledons  (Phytolacca,  and  Malvacese  such  as  Malva, 
Althaea,  Lavatera). 

The  conclusion  to  be  drawn  from  these  facts  is  that  in  the  com- 
plete dichlamydeous  ambisporangiate  flowers  of  Angiosperms  there 
are,  as  a  general  rule,  five  whorls  of  floral  leaves ;  the  flowers  are 
pentacyclic.  In  most  Monocotyledons  the  five  whorls  belong,  one 
to  the  calyx,  one  to  the  corolla,  two  to  the  androecium,  and  one  to 
the  gynaeceum:  in  most  Dicotyledons  they  belong,  two  to  the  calyx, 
one  to  the  corolla,  one  to  the  androecium,  and  one  to  the  gynaeceum. 

If,  now,  such  a  pentacyclic  flower  with  regularly  alternating 
whorls  be  taken  as  a  type  or  standard  of  comparison,  it  will  be 
observed  that  many  flowers  deviate  from  it  by  having  either  a 
larger  or  a  smaller  number  of  whorls,  the  deviation  being  combined 
in  some  cases  with  direct  superposition. 

Pleiotaxy,  or  an  increase  in  the  number  of  the  whorls  in  a  flower, 
is  characteristic  of  a  number  of  genera  belonging  to  various 
natural  orders.  Instances  have  been  mentioned  above  of  Mono- 
cotyledons and  of  Dicotyledons  having  flowers  with  a  dicyclic 
gynaeceum ;  of  Dicotyledons  with  a  dicyclic  corolla  or  androe- 
cium :  but  the  number  of  whorls  is  sometimes  much  greater 
(15-  in  Aquilegia),  when  the  flowei'S,  as  also  the  special  series,  are 
said  to  be  polycyclic.  Thus,  the  calyx  is  polycyclic  in  Nandina 
(Berberidaceae)  and  in  Sychnosepalum  (Menispermaceae) ;  the 
androecium,  in  Aquilegia,  Camellia,  Rosa,  Lauraceoe,  and  Papaver- 
aceae  ;  the  gynaeceum,  in  some  Alismaceae  and  Butomaceae.  In 
some  cases,  one  series  becomes  polycyclic  at  the  expense  of 
another :  thus  in  the  acyclic  flowers  of  Clematis,  Anemone,  and 
Caltha,  the  petals  are  replaced  by  stamens  so  that  the  number  of 
turns  of  the  spiral  (  =  whorls)  in  the  androecium  is  increased  whilst 
the  corolla  disappears.      The  "  doubling  "  of  flowers  is  commonly 
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due  to  the  polycyclic  development  of  the  corolla,  the  additional 
whorls  being  tnther  new  formations,  or  the  result  of  the  more  or 
less  complete  replace- 
ment of  the  sporophyDs 
by  petals. 

An  important  case  is 
that  to  be  found  in 
several  Dicotyledonous 
orders  (Ericacea?,  Rho- 
doraceae,  Pyrolacea?, 
Crassulaceae,  Fig.  318, 
Saxifragaceae,  some 
Caryophyllace.TB,  Fig. 
317;  Onagraceae,  Fig. 
323 ;  Geraniacese,  Ox- 
alidaceee,  Zygophyllacese, 
Rutacese,  Fig.  317  C) 
where  the  flower  is  diplo- 
stemonous,  and  the 
androecium  is  apparently  dicyclic :  but  the  flower  is  not  simply 
diplostemonous  (as  in  the  Monocotyledons),  because  the  whorls  do 
not  alternate  regularly;  the  stamens  of  the  apparently  outer  whorl 
are  directly  antipetalous,  consequently  the  stamens  of  the  inner 
whorl  are  antisepalous,  and  the  carpels  (in  encyclic  flowers)  are 
antipetalous.  Such  flowers  are  said  to  be  ohdiplostemonous  (Fig. 
317  C). 

A  variation  of  the  typical  ohdiplostemonous  flower  is  found  in  certain  Caryo- 
phyllaceaB   {e.g.  Viscaria,  Fig.  317  A  ;  Lychnis,   Cerastium,  some   species  of 

O  O 


Fig.  316.— Floral  diagram  of  Rosaiomentosa,  show- 
ing the  polycyclic  androjciam  and  gynaeceum.  (After 
Eichler.) 


A  B  C 

Via.  317.— Floral  dia^rrams  of  two  Caryophyllaceous  flowers  illustrating  two  forms  of 

obdiplostemony :    A  {Viscaria  vulgaris)  with  antisepalous  carpels:  B  (Spergula  arvensi$) 

with   antipetalous   carpels  (after  Eichler  :    C  diagram  of   ohdiplostemonous   flower  of 

Dictamnus. 
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Silene)  with  eucyclic  (tetra-  or  penta-merous)  flowers,  in  that,  though  the  ap- 
parently outer  stamens  are  directly  antipetalous,  the  carpels  are  antisepalous. 
This  case  seems  to  be  connected  with  that  of  the  Primulaceae  (see  p.  498),  where 
there  is  a  single  whorl  of  antipetalous  stamens  and  the  carpels  are  antisepalous, 
through  the  Sapotace«e  where  a  whorl  of  antisepalous  staminodes  (Sideroxylon, 
Lucuma)  or  of  fertile  stamens  (Isonandra)  is  developed.  It  would,  in  fact, 
appear  that  obdiplostemony  may  be  the  result  of  either  pleiomery  or  pleiotaxy 
taking  place  in  a  primitively  isomerous  monocyclic  antipetalous  androeciuni 
(as  in  Primula) ;  when  the  carpels,  in  an  obdiplostemonous  flower,  are  anti- 
sepalous, it  seems  to  be  simply  a  case  of  pleiomery;  when  they  are  antipetalous, 
it  would  seem  to  be  a  case  of  pleiotaxy,  the  andrcecium  having  become  dicyclic 
by  the  development  of  an  inner  whorl  of  stamens  consequently  involving  a 
change  in  the  position  of  the  gynseceum. 

Oligotaxij,  or  a  decrease  in  the  number  of  whorls  in  a  flower,  is 
frequently  due  to  suppression.  For  instance,  owing  to  the  sup- 
pression of  one  whorl  of  stamens  in  some  Monocotyledons,  either 
the  outer  (some  Haomadoraceae,  also  Cypripedium),  or  the  inner 
(Iridacese,  most  Orchidaceae),  the  andrcecium  is  monocyclic.  In 
some  cases  a  whole  series  is  suppressed :  for  instance  the  corolla 
may  be  absent  (e.g.  Glaux,  among  the  Primulaceae ;  Alchemilla, 
Sanguisorba,  among  the  Rosaceae :  some  Caryophyllaceae,  such  as 
Sagina  apetala,  Scleranthus,  etc.)  :  or  the  andrcecium  or  gynaeceum 
(raonoclinous  flowers,  such  as  those  of  Sedum  Rhodiola,  Rhamnus 
cathartica,  Hydrocharidaceae,  ray-florets  of  Compositae,  etc.) :  or 
the  whole  perianth  (Fraxinus  excelsior). 

In  most  cases  of  oligotaxy  in  isomerous  flowers,  the  relative 
position  of  the  remaining  whorls  is  undisturbed :  thus,  in  the 
apetalous  flower  of  Glaux,  the  typically  antipetalous  stamens 
alternate  with  the  sepals,  and  in  that  of  Sanguisorba  the  stamens 
are  opposite  to  the  sepals ;  in  the  carpellary  flower  of  Rhamnus 
the  carpels  are  antisepalous  as  in  an  ambisporangiate  flower. 
But  this  is  by  no  means  always  the  case :  for  instance,  in  the 
apetalous  flower  of  Alchemilla  the  stamens  alternate  with  the 
sepals,  seeming  to  take  the  place  of  the  missing  petals  :  again, 
the  staminate  flower  of  Sedum  Bhodiola  (Fig.  318)  has  rudi- 
mentary carpels  which  are  antipetalous,  whereas  in  the  carpellary 
flowers  the  carpels  are  antisepalous,  apparently  occupying  the 
place  of  one  of  the  missing  staminal  whorls;  similarly  in  Halophila 
(Hydrocharidaceae)  the  three  carpels  of  the  carpellary  flower  occupy 
the  same  relative  position  as  the  three  stamens  in  the  staminate 
flower. 

Although  it  is  true  that,  as  explained  in  the  foregoing  paragraphs,  both 
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oligotaxy  and  oligomery  are  frequently  due  to  svppression,  in  the  one  case  of 
one  or  more  whorls,  in  the  other  of  one  or  more  members  of  a  whorl,  it  must 
not  be  assumed  that  this  is  the  only  possible  explanation.  On  the  contrary, 
it  is  very  probable  that  the  simple  structure  of  the  flower  in  some  plants  [e.g. 
Urticales  and  Amentales  among  Dicotyledons)  is  not  the  result  of  suppression, 
but  is  itself  typical :  in  other  words,  these  flowers  are  probably  to  be  regarded, 
not  as  reduced,  but  as  primitive,  belonging  to  plants  which  are,  it  may  be,  of  a 
relatively  low  type  among  Phanerogams,  but  which  are  on  the  up-grade,  and 
not  on  the  doion-grade  of  organisation.  The  distinction  of  primitive  from 
reduced  forms  is,  at 
the  present  time,  per- 
haps  the  most  im- 
portant morphological 
problem  presented  by 
Angiosperms,  for  until 
it  is  solved  the  classi- 
fication of  the  group 
will  continue  to  re- 
main unsatisfactory 
and  inconclusive. 

Fig.  318.— Floral  diasrams  of    Sedimi   Rhodiola.     In  the 
The   Relations    of       staminate  flower  A,  the  (abortive)  carpels  are  antipetalous  :  in 
Position  between  the       ^^®  cai-pellary  flower  B,  the  carpels  are  antisepalous.    (After 
nil  7       Eichler.) 

floral     leaves     and 

those  which  precede  them  on  the  floral  axis,  can  be  most  readily 
made  out  in  the  case  of  a  flower  borne  laterally  on  a  main  axis, 
the  pedicel  springing  from  the  axil  of  a  bract.  Where,  as  in  most 
Monocotyledons,  the  flower-stalk  bears  but  a  single  bracteole  or 
prophyllum  (see  p. 

493),  this  is  gener-  O  O 

ally  situated  op- 
posite to  the  bract 
(Fig.  319  A),  that 
is,  posteriorly  to 
the  flower  ;  in  this 
case  the  odd  sepal 
of  the  trimerous 
calyx  is  situated 
anteriorly.  When, 
as  in  most  Dico- 
tyledons, there  are 
two  lateral  pro- 
phylla  (usually  indicated  as  a  and  ^),  one  on  each  side  of  the 
flower-stalk,  the   position  of   the  sepals  varies  according   to  the 


-p. 


Fig.  319. —  Floral  diagrams  of  Lilium  hxilhiferxim  (after 
Kichler)  :  A  with  normal  position  of  the  prophyllum  p,  op- 
posite to  the  bract  b:  B  with  lateral  prophyllum  (p). 
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composition  of  the  calyx  :  thus,  if  the  calyx  be  trimerous  or  penta- 
merous,  the  odd  sepal  is,  as  a  rule,  median,  generally  posterior  or, 
less  commonly,  anterior  {e.g.  Leguminosae) :  the  tetramerous  calyx 
has  usually  two  sepals  in  the  median  plane  and  two  in  the  lateral 
(e.g.  Philadelphus ;  Isnardia  among  Onagraceee;  Bhamnus  catliartica. 


r 


-p 


Fig.  320. — Floral  diagrams  of  Jasminum  nudijiorum  (after  Bichler)  :  ^Iwith  normal  lateral 
position  of  the  prophylla  :  B  with  antero-posterior  position  of  the  prophjlla  :  the  caljx  is 
hexamerous  and  dicyclic,  the  two  sepals  of  the  outer  whorl  alternating  with  the  prophylla : 
the  symmetry  of  the  flower  is  isobilateral. 


Ilex).  In  some  few  cases,  when  there  are  two  lateral  prophylla, 
the  four  sepals  of  an  apparently  tetramerous  calyx  are  arranged 
diagonally  (e.g.  Veronica  and  other  Scrophulariacese,  Plantago, 
probably  also  Mimosa,  Fig.  321) ;  this  exceptional  position  is  due 
to  the  fact  that  in  these  plants  the  calyx  is  typically  pentamerons, 
though,  in  consequence  of  the  suppression  of  the  posterior  median 
sepal,  it  appears  to  be  tetramerous. 

As  a  general  rule,  the  genetic  relation  between  the  sepals  and 
the  prophylla  is  that  the  first  sepal  of  a 
successively-developed  calyx  arises  on 
the  opposite  side  of  the  axis  (though 
higher)  to  the  single  prophyllum  or  to  the 
upper  {jS)  when  there  are  two.  Hence 
the  position  of  the  prophylla  affects  that 
of  the  sepals  and,  consequently,  that  of 
all  the  floral  organs.  Thus,  it  is  not  un- 
common in  the  Monocotyledons  for  the 
single  prophyllum  to  be  placed  either 
obliquely  or  laterally  (some  Liliacea?, 
Canna,  etc.),  and  then  all  the  w^iorls  of  the  flower  present  a 
corresponding  displacement  (Fig.  319  B)  ;  the  same  thing  occurs 


Fig.  321.— Floral  diagram  of 
Mimosa,  showing  the  diagonal 
position  of  the  sepals  (after 
Eichler). 
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in  Dicotyledons  when,  as  is  frequently  the  case,  the  prophylla 
are  not  exactly  lateral,  but  converge  anteriorly  or  posteriorly,  or 
are  even  anterior  and  posterior  (Fig.  320  B). 

When  the  one  or  the  two  prophylla  are  suppressed,  the  position 
of  the  sepals  may  be  the  same  as  if  the  prophylla  were  present 
(e.g.  Cruciferae) ;  but,  more  commonly,  the  first  sepals  are  de- 
veloped in  the  places  of  the  missing  prophylla.  Thus,  in  the 
absence  of  two  lateral  prophylla,  the  first  two  sepals  of  a  tetra- 
merous  calyx  are  lateral  {e.g.  tetramerous  calyx  of  Francoa, 
Epilobium,  Clarkia)  ;  again,  in  a  trimerous  calyx,  the  first  nor- 
mally anterior  sepal  tends  to  be  posterior  when  the  single  pos- 
terior prophyllum  is  absent  {e.g.  Orchis,  Musa) ;  and,  further,  in  a 
pentamerous  calyx  the  first  and  second  sepals  are  postero-lateral 
{e.g.  Primula,  Reseda)  since  the  first  sepal  occupies  the  place  of 
prophyllum  a,  and  the  second  that  of  prophyllum  /8,  with  slight 
posterior  convergence. 

The  Symmetry  of  the  Flower.  The  flower  presents  all  the 
varieties  of  symmetry  which  are  discussed  in  Part  I.  (p.  8)  ;  these 
are  mainly  determined  by  the  number  and  the  relative  develop- 
ment of  the  floral  leaves,  and  in  a  few  cases  by  the  development 
of  the  floral  axis  or  receptacle. 

The  symmetry  may  be  radial  or  actinomorphic.  When  an  encyclic 
flower  is  also  regular,  that  is,  when  the  members  of  each  whorl 
are  similar  to  each  other  in  size  and  form,  it  can  be  divided  into 
symmetrical  halves  by  sections  made  in  two  or  more  planes,  the 
halves  produced  by  section  in  one  plane  being  similar  to  those 
produced  by  section  in  one  or  more  other  planes.  Such  a  flower 
is  jpoly symmetrical  (see  p.  9).  The  number  of  these  planes  of 
symmetry  depends  upon  the  numerical  constitution  of  the  flower. 
Thus  a  regular  encyclic  trimerous  flower  {e.g.  Lilium  and  other 
Monocotyledons)  can  be  so  divided  in  three  planes,  the  median 
and  the  two  diagonals,  that  all  the  three  pairs  of  resulting  halves 
are  exactly  alike  (Fig.  322  B).  Similarly,  the  pentamerous  flower 
of  Primula,  Geranium,  species  of  Campanula,  is  divisible  in  five 
planes  (Fig.  322  A).  But  where  the  flower  is  tetramerous  {e.g. 
Fuchsia,  Rhamnus  cathartica,  Euonymus  europcBus),  there  are  but 
two  planes  of  section,  the  median  and  the  lateral,  which  will  give 
exactly  similar  halves,  though  the  flower  is  also  symmetrically 
but  diversely  divisible  in  the  diagonal  planes  (Fig.  323  A)  ;  or, 
again,  where  the  flower  is  hexamerous  (e.g.  species  of  Sedum)  it 
is  symmetrically  divisible  in  twelve  planes,  but  the  halves  produced 


508 


PART    III. — THE    CLASSIFICATION    OF    PLANTS. 


A  B 

Fig.  322. — A  Diagram  of  the  pentamerous  flower 
of  Primala,  showing  the  five  planes  of  symmetry ; 
the  stamens  are  antipetalous ;  there  are  no  pro- 
phylla.  B  Diagram  of  the  trimerous  flower  of 
Lilium,  showing  the  three  planes  of  symmetry. 
(After  Eichler.) 


by  the  section  in  six  of  the  planes  are  unlike  those  produced  by- 
section  in  the  other  six  planes. 

The  symmetry  may  be  isohilateral ;  in  this  case  the  flower  is 
divisible  into  symmetrical  halves  in   two  planes,  but  the  halves 

produced  by  section  in  one 
plane  are  unlike  those  pro- 
duced by  section  in  the 
other  plane.  Thus,  a  re- 
gular eucyclic  dimerous 
flower  (e.g.  Girccea  luteti- 
ana,  Fig.  323  B ;  Fraxinus 
dipetala),  is  symmetrically 
divisible  in  the  median 
and  lateral  planes,  but  the 
halves  produced  by  the 
median  section  differ  from 
those  produced  by  the 
lateral  section.  This  is 
true  also  of  some  regular 
heterocyclic  flow^ers,  such  as  those  of  the  Gruciferae,  Jasminum, 
Olea  europcEa,  Cornus,  Hamamelis,  the  whorls  of  which  are  2- 
or  4-  merous,  and  of  the  somewhat  peculiar  flower  of  Dicentra. 

The  symmetry  may  be  zygomorphic,  that  is,  the  flower  may  be 
monosymmetrical,  there  being  only  one  plane  in  which  it  is  sym- 
metricallv    divisible.       This    condition  is  to  be  found  in  regular 

heterocyclic  flowers,  and 
is  the  result  of  oligomery 
of  the  whorls,  generally  of 
the  gyneeceum,  rarely  of 
the  androecium.  Flowers 
of  this  type  are  common 
among  Dicotyledons  (e.g. 
in  the  Ribesiacese,  Apo- 
cynaceae,  Boraginaceae, 
Solanacea3,  Gentianaceae, 
Gampanulaceae,  Gompo- 
sitse,  Rosaceae,  Saxifrag- 
aceae,   Umbelliferae,    etc.), 


Fig.  323. — A  Diagram  of  the  tetramerous  flower 
of  Fuchsia,  showing  the  four  planes  of  symmetry. 
JB  Diagram  of  the  dimerous  flower  of  Circaea,  show- 
ing iaobilateral  symmetry. 


the  oligomerous  gynaeceum  having  1-4,  generally  2,  carpels,  the 
rest  of  the  flower  being  pentamerous  or  hexamerous.  In  this  case 
the  plane  of  symmetry  is  determined  by  the  position  of  the  carpels. 
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Thns,  when  there  are  two  carpels,  the  plane  of  symmetry  is  generally 
median  because  the  carpels  are  frequently  median  or,  less  com- 
monly, lateral  {e.g.  Vinca  minor,  Ribes  alpinum,  Fig.  324  A,  B)  : 
but  when  the  two  carpels  are  placed  obliquely  (e.^/.many  Solanaceae, 
such  as  Petunia,  Fig.  324  D ;  Datura,  Hyoscyamus :  Menyanthes 
among  Gentianacem,  Fig.  324  F;  Saxifraga),  the  plane  of  symmetry 
is  oblique.  Similarly,  when  the  gynaeceum  is  monomerous  or 
trimerous,  if  it  is  so  situated  that  its  plane  of  symmetry  coincides 
with  the  median  plane  of  the  flower  (e.g.  with  monomerous 
gynaeceum,  Mirabilis,  Mahonia ;  with  trimerous  gynaeceum,  Pole- 


FiG.  324.— Floral  diagrams  illustrating  monosymmetry  due  to  oligomery  of  the  gynse- 
CBum  :  A  Vinca  minor ;  B  Rihea  alpina ;  in  these  the  plane  of  symmetry  is  median  :  C  Saxi- 
fraga ;  D  Petunia  ;  in  these  the  plane  of  symmetry  is  oblique  :  gl  gland  :  a  ft  prophylla  : 
E  terminal  flower  of  Gentiana  vetiia,  with  median  plane  of  symmetry :  F  lateral  flower  of 
Mtnyanthea  trifoliata,  with  oWique  plane  of  symmetry  ;  p  p  prophylla.    (After  Eichler.) 

monium ;  some  Caryophyllaceae  including  most  species  of  Silene, 
Stellaria,  Spergularia,  etc.;  some  Campanulaceae ;  JDeutzia  crenata; 
Samhucus  Ehulus,  etc.),  then  the  plane  of  symmetry  of  the  flower 
is  the  median  plane ;  but  when  the  plane  of  symmetry  of  the 
gynaeceum  is  oblique  (e.g.  with  monomerous  gynaeceum,  Berberis, 
Anacardium ;  with  trimerous  gynaeceum,  some  Malpighiaceae, 
^sculus)  the  plane  of  symmetry  of  the  whole  flower  is  oblique 
likewise. 
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Fig.  325.— Floral  diagram  of 
Commelyna  coelestis  showing  mo- 
nosymmetry  due  to  oligomery 
of  the  androecium  :  the  plane 
of  symmetry  is  oblique  :  the 
three  black  stamens  are  sterile, 
and  the  postero-lateral  stami- 
node  is  often  absent :  the 
antero-lateral  fertile  stamen 
has  a  broader  connective  than 
the  others.    (After  Eichler.) 


Monosymmetry  in  consequence  of  an  oligomerous  androecium 
is  less  common  ;  a  good  instance  is 
afforded  bj  Commelyna  coelestis,  in  which 
flower  the  plane  of  symmetry  is  oblique 
(Fig.  325).  Monosymmetry  is  also  cha- 
racteristic of  irregular  flowers,  whether 
eucyclic  or  heterocyclic  ;  of  flowers,  that 
is,  in  which  the  members  of  one  or 
more  whorls  differ  in  various  respects 
among  themselves,  accompanied  fre- 
quently by  a  reduction  in  the  typical 
number  of  members  in  one  or  other  of 
the  whorls,  frequently  of  the  androecium: 
it  is,  in  fact,  to  irregular  flowers  that 
the  term  zijgomorphic  is  specially  applied 
in  Descriptive  Botany.  Such  a  flower 
usually  presents  a  clear  distinction  into 
two  diverse  portions,  an  anterior  and  a 
posterior,  separated  by  the  lateral  plane,  whilst  the  two  lateral 
halves  about  the  median  plane  are  symmetrical ;  hence  it  is 
clearly  dorsiventral  (Fig.  326). 

Dorsiventrality  is  presented  by  some  flowers  which,   so  far  as 

their  early  development  is 
concerned,  or  even  so  far 
as  is  shown  by  their  floral 
diagram,  are  actinomorphic, 
isobilateral,  or  simply  zy- 
gomorphic,  the  dorsiven- 
trality being  due  to  the 
subsequent  irregular  de- 
velopment of  some  of  the 
floral  leaves  ;  as  in  some 
eucyclic  flowers  (e.g.  among 
Monocotyledons,  Agapan- 
thus,  Alstroemeria,  Ama- 
ryllis, Gladiolus ;  among 
Dicotyledons,  Dictamnus, 
and  other  Rutese,  species  of 
Impatiens,  Pelargonrum), 
and  in  some  heterocyclic 
flowers  (e.g.  some  Scrophulariaceee,  Labiatae,  some  Caprifoliacese, 


Fift.  826.— DoTBi ventral  flower  of  a  Heracleum 
(mag. 
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Violaceoe,  Echium,  Lobelia,  Orchidacese,  the  marginal  flowers  of 
the  inflorescences  in  some  Umbelliferfe  and  the  ray- florets  of  some 
Compositee).  The  degree  of  irregularity  in  these  flowers  varies 
widely  ;  the  irregularity  may  be  very  slight,  due  to  the  more  active 
growth  of  the  leaves  (perianth-leaves  only,  or  stamens  also)  of 
one  half  of  the  flower,  either  the  posterior  (e.g.  Gladiolus),  or  the 
anterior  (e.g.  Amaryllis),  which  causes  an  upward  or  a  downward 
curvature  ;  this  is  more  marked  in  Dictamnus  where  the  calyx 
and  corolla  tend  to  form  two  lips,  an  upper  and  a  lower;  this 
bilabiate  form  of  flower  is  more  fully  developed  in  the  calyx  and 
corolla  of  the  Labiates,  the  corolla  {personate,  the  lips  being  closed) 
of  the  Scrophulariaceae,  and  of  the  Orchidacese  and  Lobelia.  In 
not  a  few  cases  the  irregularity  of  the  flower  is  increased  by  the 
development  of  spurs  from  some  portion  of  the  perianth  (e.g. 
among  Monocotyledons,  Or- 
chis, Rhinopetalum,  from  the  q 
corolla ;  among  Dicotyledons, 
Linaria,  Viola,  from  the  co- 
rolla; Pelargonium,  from  the 
calyx).  A  remarkable  mor- 
phological feature  is  offered  by 
the  flowers  of  Orchis  and  of 
Lobelia  which  are  resupinate  ; 
that  is,  in  consequence  of  tor- 
sion of  the  pedicel,  the  pos- 
terior side  of  the  flower  becomes 
anterior.  The  plane  of  sym- 
metry is  generally  median  in 
these  flowers. 

In  some  few  cases  the  irregularity,  leading  to  doi*siventrality, 
is  due,  not  to  the  unequal  development  of  the  floral  leaves,  but 
to  the  configuration  of  the  floral  receptacle,  so  that  the  floral 
leaves  are  not  developed  in  a  radially  symmetrical  manner  (e.g. 
Reseda,  Papilionese,  Fig.  827). 

When  in  irregular  flowers  the  single  plane  of  symmetry  is  the 
median  plane,  the  flower  is  dorsiventral :  but  there  are  other  cases 
(e.g.  flowers  of  some  Fumariaceee,  Fumaria,  Corydalis)  in  which 
the  single  plane  of  symmetry  is  the  lateral ;  these  flowers  are 
therefore  not  dorsiventral,  that  is,  they  have  not  an tero- posterior, 
but  lateral,  asymmetry.  The  zygomorphic  symmetry  of  a  flower 
is  indicated  in  its  floral  formula  by  symbols ;    when  the  plane  of 

V.  s.  B.  L  L 


Fig.  327.— Diagram  illustrating  dorsiventral 
symmetry  in  leguminous  flowers:  A  Vicia 
Faba  (Papilione«e) :  B  Cercis  Siliquastrum 
(Ceesalpiiiieee) :  in  both  cases  tbe  odd  sepal 
is  anterior  :  the  plane  of  symmetry  is  median. 
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symmetry  coincides  with  the  median  plane  the  symbol  -^  is  used, 
and  when  it  coincides  with  the  lateral  plane  the  symbol  ->. 

Sometimes  regular  flowers  are  developed  by  plants  which 
usually  produce  irregular  flowers :  these  exceptional  flowers  are 
termed  peloria.  This  is  due  in  some  cases  to  the  fact  that  the 
primitive  number  and  arrangement  of  the  floral  organs  is  not 
disturbed  by  the  irregular  development  of  the  parts  which  usually 
takes  place :  such  cases  are  distinguished  as  regular  peloria  (e.g. 
Viola,  Gloxinia,  Labiatae,  etc.)  In  other  cases  the  peloric  flower 
is  to  some  extent  the  result  of  the  symmetrical  development  of  the 
irregularity  (e.g.  the  development  of  five  spurred  petals  and  five 
stamens  in  Linaria).  Dorsiventral  flowers  are,  generally  speaking, 
such  as  are  borne  laterally  on  the  inflorescence ;  whilst  the  ter- 
minal flowers  (which  may  be  regarded  as  peloric)  are  frequently 
regular.     Peloric  lateral  flowers  are,  however,  known  to  occur. 

There  remain  to  be  considered  those  flowers  which  cannot  be 
symmetrically  divided  in  any  plane  :  such  flowers  are  asymmetric. 
Amongst  these  are  to  be  included  most  of  the  acyclic  or  hemi- 
cyclic  flowers  in  which  the  number  of  members  is  high  and  the 
divergence  variable  (e.g.  Calycanthus,  some  Ranunculaceae,  etc.)  : 
the  asymmetry  of  most  of  these  is  approximately,  though  not 
quite  accurately,  actinomorphic,  but  in  some  it  is  dorsiventral  (e.g. 
Delphinium,  Aconitum).  Asymmetry  is  rare  in  cyclic  flowers, 
but  is  to  be  found  in  some  heterocyclic  flowers :  for  instance, 
in  Tropseolum,  Canna  and  other  Marantaceae,  Valeriana  and 
other  Valerianaceae,  where  the  asymmetry  is  dorsiventral  and  is 
due  to  oligomery  and  irregularity  combined,  whilst  in  other  cases 
(e.g.  some  Paronychieae,  Fig.  328  C)  it  is  due  merely  to  oligomery. 

The  Floral  Organs. 

The  Perianth  is  completely  absent,  that  is,  the  flower  is  achlamy- 
deousj  in  a  few  families  (e.g.  Piperaceae,  Araceae,  Graminaceae,  many 
Cyperaceae,  Salicaceae).  When  present,  it  is  usually  differentiated 
into  calyx  and  corolla,  the  flower  being  termed  dichlamydeous  or 
hiseriate:  when  the  calyx  and  corolla  clearly  differ  from  each  other 
in  colour,  texture,  etc.,  the  flower  is  said  to  be  heterochlamydeous ; 
for  instance,  when  the  calyx  is  green  and  the  corolla  highly 
coloured  (as  in  most  Dicotyledons,  and  in  some  Monocotyledons 
such  as  Tradescautia  and  Commelyna)  ;  or  when  the  calyx  is 
coloured  (petaloid)  and  the  petals  reduced  to  nectaries  (as  in  Helle- 
borus  and  other  Ranunculacese).  When  the  perianth-leaves  are  all 
alike,  the  flower  is  said   to   be  homochlamydeous.     This  condition 
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may  be  due  to  different  causes  in  different  cases :  the  flower  is 
sometimes  homochlamydeous,  even  though  calyx  and  corolla  are 
differentiated,  because  the  sepals  and  petals  are  very  similar,  as 
in  most  Monocotyledons  where  the  sepals  are  often  petaloid :  in 
other  cases  the  flower  is  homochlamydeous,  because  only  one 
series  of  perianth-leaves  is  developed  ;  that  is,  because  the  flower 
is  ononochlamijdeous.  The  flower  may  be  monochlamydeous  be- 
cause, though  typically  dichlamydeous,  either  the  calyx  or  the 
corolla  is  suppressed  {e.g.  calyx  suppressed  in  some  Umbelliferae 
and  Compositae;  corolla  suppressed  in  most  Thymelaeaceee, 
Paronychieee,  Glaux,  some  Rosaceae,  such  as  Alchemilla  and 
Sanguisorba) ;  where  the  corolla  is  suppressed  or  rudimentary  the 
calyx  is  frequently  petaloid  (e.g.  Clematis,  Anemone,  Caltha,  and 


^.~ 


Fig.  328.— Floral  diagrams  illustrating  asymmetry.  A  Dorsiventrally  asymmetrical 
heiiiicyclic  flower  of  Lelphinium  Ajacis  :  B  Dorsiventrally  asymmetrical  heterocyclic  flower 
of  TropcEolum  majus  :  C  Asymmetry  duetooligomery  in.4n}/c'tiadic?iotoma(Paronychie£e):  br 
subtending  bract ;  p-p,  «  /3  propbylla;  st  stipules  of  bract  and  prophylla.    (After  Bichler.) 


other  Ranunculaceae) :  or  the  flower  may  be  monochlamydeous 
merely  because  the  perianth  is  undifferentiated  (simple),  and  is 
then  generally  sepaloid  (e.g.  Urticaceee,  Betulaceae,  Proteaceee, 
Chenopodiaceee,  etc.),  or  petaloid  (e.g.  some  Amarantacea?,  Phyto- 
laccaceae,  Nyctaginaceoe). 

It  is  not  always  easy  to  determine  whether  a  homochlamydeous 
flower  is  dichlamydeous  or  monochlamydeous  ;  but  the  decision  is 
facilitated  by  the  consideration  that,  as  a  rule,  the  calyx  and 
corolla  each  consist  of  a  single  whorl  of  perianth- leaves  in  the 
Monocotyledons,  whereas  in  Dicotyledons  the  calyx  generally  con- 
sists of  two  whorls.  Hence,  in  the  absence  of  contrary  informa- 
tion afforded  by  its  development,  a  homochlamydeous  flower  having 
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two  perianth- whorls  should,  if  a  Monocotyledon,  be  regarded  as 
being  probably  dichlamydeous ;  whereas,  if  a  Dicotyledon,  it 
should  be  regarded  as  probably  monochlaniydeous,  the  two  whorls 
representing  either  a  calyx  or  a  simple  perianth. 

The  individual  leaves  of  the  perianth  may  be  either  perfectly 
separate  (eleutherupetalotis  or  polypeialous  corolla,  eleutherosepalous 
or  polysepalous  calyx),  e.g.  Ranunculus  ;  or  they  may  cohere  from 
the  base  upwards,  so  as  to  form  a  longer  or  shorter  tube,  which 
divides  at  its  upper  end  into  as  many  teeth  or  lobes  as  there  were 
originally  leaves  (gamosepalous  calyx,  gamopetalous  corolla)  (Fig. 
329  A  B  0  c  and  B  h)  ;  e.g.  the  Primrose  and  the  Tobacco  plant. 
In  Dianthus  (the  Pink)  the  sepals  alone  are  coherent,  as  also  in 

Daphne  (Fig.  329  L) 
where  the  corolla  is 
absent.  More  rarely 
all  the  leaves  of  the 
perianth  cohere  to 
form  one  tube,  e.g.  the 
Hyacinth  and  allied 
genera ;  the  six  lobes 
of  the  tube  correspond 
to  the  three  sepals 
and  the  three  petals. 
The  simple  perianth 
also  may  consist  of 
separate  leaves  {eleu- 
therophyllous  or  poly- 
phyllous  perianth),  e.g. 
Amarantus,  or  the 
leaves  may  be  coher- 
ent {gamophyllous),  e.g. 
Aristolochia. 


Fig.  329.— Cohesion  of  sepals  and  petals.  A  Flower  of 
Convolvulus  arvensis,  with  a  funnel-shaped  corolla  (c);  and 
a  5-partite  calyx  (7c).  B  Nicotiana  Tabacum,  with  a5-cleft 
cnlyx(fc);  tubular  corolla  (r),  with  a  distinct  5-toothed 
limb  (s).  C  The  rotate  corolla  of  Sambucus.  D  Gamose- 
palous calyx  of  Daphne  Mezer eum  ;  r  the  tube ;  8  the  limb. 


The  degree  of  division  presented  by  gamophyllous  perianths  into  teeth  or 
lobes  is  indicated  by  the  same  terms  which  are  used  in  describing  the  incision 
of  the  leaf-blade  (page  54).  The  form  of  the  gamopetalous  corolla  may  be 
campanulate,  as  in  the  Campanula  ;  funnel-shaped  (or  ivfundibuliform),  as  in 
the  Bindweed  (Fig.  329  A);  rotate,  as  iu  the  Elder  (Fig.  329  C).  The  upper 
and  lower  portions  may  frequently  be  distinguished,  the  lower  as  the  tube  (Fig. 
329  B  r),  the  upper  expanded  part  as  the  limb  (Fig.  329  B  s).  Other  peculiar- 
ities  of  form  are  connected  with  the  symmetry  of  the  flower  (page  511). 

The  petal  frequently  consists  of  two  parts,  the  claw  and  the 
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limb,  as  in  the  Pink  (Fig.  330  A  B).  The  Corona  (paracorolla)  in 
the  Narcissus  and  Lychnis  is  formed  by  ligular  outgrowths  from 
the  claws  (Fig.  330  B  I).  Any  segmentation  of  the  petal,  as  in 
the  Pink  (Fig.  330  A)  is  unusual ;  emarginate  or  obcordate  petals 
are  more  common.  In  many  cases  the  petals  have  spur-shaped 
appendages  (Violet,  p.  511),  or  they  are  prolonged  at  the  base  into 
tubes,  as  in  Hellebortis  and  Aconitum.  This  peculiarity  is  con- 
nected with  the  secretion  of  the  nectar  (page  526). 

The  Reproductive  Organs  of  the  Floiuer  are  sporangia  of  two 
kinds,  microsporangia  and  macrosporangia,  borne  usually  on 
sporophylls,  though  sometimes  directly  on  the  floral  axis.  The 
flower  is  usually  ambisporangiate  (  ^  ,  hermaphrodite,  see  p.  432) ; 
but  it  is  not  infrequently  monosporangiate  (unisexual),  in  which 
case  the    flowers   are    either   microsporangiate   ( <^ ,  stamina!)  or 


Fig.  330.—^  Petal  of  IHnnthut  superhus,  with  (n)  the  claw  and  (i>)  the  limb,  much  divided. 
B  Petal  of  Lychnis  :  n  claw  ;  p  limb  ;  I  ligula.  C  Flower  of  Potentilla,  seen  from  below  : 
c  corolla  ;  k  calyx;  a  epicalyx. 

raacrosporangiate  (  ?  ,  carpellary).  The  plants  which  have  mono- 
sporangiate flowers  may  be  either  monoecious  (e.g.  Zostera,  Arum, 
Cai*ex,  Typhacea?,  Zea,  BetulaceaB,  Euphorbia,  Buxus,  Juglans, 
Quercus,  etc.):  or  dioecious  (e.g.  Pandanaceae,  some  Palms,  Naias, 
Vallisneria,  Hippophae,  Cannabinaceae,  Salicaceae,  Mercurialia, 
Viscum,  Empetrum,  Feuillea,  etc.) :  or  polygamous.  Of  polygamy 
there  are  several  varieties :  thus,  the  plant  may  bear  ambi- 
sporangiate flowers  and  staminate  flowei's  (e.g.  Veratrum,  Ptelea, 
^sculus  Hippoca^tanuniy  Celtis) ;  or  ambisporangiate  flowers  and 
carpellary  flowers  (e.g.  Thymus  vulgaris  and  T.  Serpyllum,  Parie- 
tana  diffusa  and  P.  officinalis)  :  or  it  bears  ambisporangiate  flowers 
and  both  staminate  and  carpellary  flowers  (e.g.  Fraxinus  excelsior^ 
Sapon  aria  ocy  m  oides) . 
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Some  flowers  are  probably  primarily  moiiosporangiate  (p.  505)  ; 
that  is,  there  is  no  reason  to  believe  that  the  monosporangiate 
condition  is  due  to  the  suppression  of  either  micro-  or  macro- 
sporangia  {e.g.  Hemp,  Oak,  Walnnt,  Poplar,  Willow).  Others  are 
secondarily  monosporangiate ;  that  is,  there  is  reason  to  believe, 
either  from  their  development  and  structure,  or  from  their  relation 
to  allied  ambisporangiate  forms,  that  they  are  typically  ambi- 
sporangiate,  but  have  become  monosporangiate  by  suppression  : 
thus,  in  the  Cucurbitaceae  some  genera  (e.g.  Cucurbita,  Cacumis, 
Bryonia,  etc.)  have  monosporangiate  flowers,  whilst  in  others  (e.g. 
Schizopepon)  the  flowers  are  always  ambisporangiate  ;  similarly, 
in  the  Caryophyllaceae,  the  flowers  are  generally  ambisporangiate, 
but  in  the  species  Lychnis  vespertina  and  L.  diurna  they  are  mono- 
sporangiate ;  and  again  in  the  Polygonaceoe  certain  species  of 
Rumex  {^R.  Acetosa,  Acetosella,  etc.)  alone  are  monosporangiate  : 
in  some  monosporangiate  flowers  traces  of  the  missing  organs  are 
to  be  found,  such  as  staminodia  in  carpellary  flowers  (e.g.  Cocculus 
and  other  Menispermaceae,  Feuillea  among  the  Cucurbitaceae ; 
Laurus  nohilis),  or  rudimentary  pistils  in  starainate  flowers  {e.g. 
Bhamnus  cathartica,  Cocculus,  Lychnis  vespertina  and  diurna). 

It  sometimes  happens  that  typically  dioecious  plants  become 
exceptionally  monoecious  (e.g.  development  of  ?  flowers  on  (^ 
plants  of  Myrica  Gale  and  Cannabis  sativa ;  or  of  ^^  flowers  on  $ 
plants  of  Cannabis  sativa  and  Mercurialis  annua)  :  or  that  a  typi- 
cally diclinous  monoecious  plant  bears  some  monoclinous  flowers 
(e.g.  Ricinus). 

The  Aridroecium  comprises  the  microsporophylls  (one  or  more) 
of  the  flower,  the  stamens.  Each  stamen  usually  consists  of  two 
parts ;  a  slender  stalk  called  the  filament  (Fig.  331  s),  and  a 
placental  portion  which  bears  the  pollen-sacs  (Fig.  331  Dp),  known 
as  the  anther  (Fig.  331  a).  The  anther  consists  of  two  longi- 
tudinal halves,  termed  thecoi,  each  of  which__usually  contains  two 
pollen-sacs ;  these  two  halves  are  unitea  by  the  placental  portion 
of  the  filament  which  is  known  as  the  connective  (Fig.  331  c). 
This  is  occasionally  very  narrow,  so  that  the  two  halves  of  the 
anther  lie  close  together  (Fig.  331  A^  a)  :  in  this  case  it  may  be 
that  the  anther  is  not  sharply  marked  oft'  from  the  filament,  and 
is  attached  throughout  its  whole  length  to  the  filament  (adnate, 
Fig.  332  C)  :  when  the  anther  is  sharply  marked  off  from  the 
filament,  it  may  be  attached  to  the  filament  by  its  base,  when  it  is 
said  to  be  innate  or  basifixed  (e.g.  Tulip) ;  or  the  filament  is  in- 
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serted  in  the  middle  of  its  dorsal  surface,  when  it  is  dorsifixed 
(Fig.  331  A) ;  in  the  last  case  it  may  be  articulated  as  by  a  joint, 
so  that  the  anther  with  the  connective  can  oscillate  on  the  apex 
of  the  filament  (versatile  anther^  Fig.  331  0),  as  in  Grasses  and  some 
other  plants.  But  the  connective  is  often  broader,  so  that  the  two 
halves  of  the  anther  are  widely  separated  (Fig.  331  jB)  ;  it  may  be 
much  elongated  (distractile)  and  very  delicate,  so  that,  with  the 
filament,  it  forms  a  T-shaped  body  (Fig.  331  G)  ;  in  this  plant, 
the  Sage,  the  further  peculiarity  is  exhibited  that  one-half  of  the 
anther  is  abortive  and  is  modified  for  another  purpose.     It  is  only 


Fig.  331,— Stamen:  A^  Of  Lilium:  «  fila- 
ment; a  the  dorsifixed  anther.  A^  Side 
view.  li  Of  Tilia:  c  connective.  C  Of 
Salvia,  with  dorsifixed  versatile  anther  : 
h  is  the  half  of  the  anther  that  has  been 
modified.  D  Transverse  section  of  the 
anther  of  Hypericum  (mag.) :  p  the  4 
pollen-sacs ;  c  connective. 


Fig.  332.— i4  Stamen  of  Allium.  B 
Of  Vnccinium,  Myrtillus.  C  Of  Paris 
quadrifolia  (mag.):  /filament;  c 
connective;  a  anther;  b  appen- 
dages; p  the  pores  by  which  the 
anther  opens. 


rarely,  as  in  Herb  Paris,  that  the  connective  is  prolonged  beyond 
the  anther  into  a  point,  or  into  a  brLstle  as  in  the  Oleander. 

The  filament  is  usually  round  and  stalk-like,  of  a  delicate 
coloured  or  colourless  tissue,  with  a  central  vascular  bundle ;  it  is 
occasionally  flattened ;  when  it  is  very  short  or  absent  the  anthers 
are  sessile. 

In  some  plants,  e.g.  Allium  (Fig.  332  A),  the  filament  has 
what  appear  to  be  stipular  appendages  ;  in  others,  e.g.  Erica  (Fig. 
332  B)  and  Asclepiadaceae,  the  anther  is  furnished  with  appen- 
dages, such  as  spurs  and  so  forth:  in  Viola,  the  spurs  borne  by 
the  two  anterior  stamens  are  glandular.     In  certain  plants  the 
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stamens,  that  is  to  say  the  filaments,  branch ;  either,  like  most 
leaves  in  a  plane  perpendicular  to  the  median  plane,  as  in  Myr- 
taceag  and  PumariacesD,  or  in  various  planes,  as  in  Ricinus  (Fig. 
333)  and  Hypericacese ;  an  anther  is  borne  on  each  of  the  branches 
of  the  filament. 

Somewhat  similar  in  appearance,  but  essentially  different  in 
structure,  are  the  coherent  stamens  of  the  Papilionese  and  other 
plants.  The  stamens  of  each  flower  may  be  coherent  into  one  or 
more  bundles.  The  arrangement  becomes  complicated  when  the 
filaments  are  at  the  same  time  coherent  and  branched  as  in  the 
Malvaceae.  When  the  filaments  are  all  coherent  into  a  single 
bundle  {e.g.  Malvaceae),  they  are  said  to  be  monadelphous :  when 
in  two  bundles  (e.g.  some  Papilionese,  Fumariaceae) ,  they  are 
diadelphous ;  when  in  several  bundles  (e.g.  Hypericaceae),  they  are 
polyaddphous.  In  the  Compositae  (e.g.  Sunflower  and  Thistle), 
though  the  filaments  are  free,  the  anthers  become  coherent  or 
fyngenesious.  When  the  stamens  are  quite  free  from  each  other 
they  are  said  to  be  poli/androtis. 

A  variety  of  the  monadelphous  condition  is  found  in  the  ^  flowers  of 
certain  Araceaa,  where  the  stamens  are  united  into  a  central  column  termed  a 
synandrium. 

Besides  these  varieties  of  cohesion,  adhesion  frequently  occurs  ; 
that  is  the  filaments  adhere  to  other  portions  of  the  flower,  par- 
ticularly of  the  perianth,  so  that  they — or  when  they  are  very 
short,  the  anthers — appear  to  be  inserted  not  upon  the  axis  of 
the  flower,  but  upon  the  leaves  of  the  perianth  (epipetalous  or 
epiphyllous) .  This  condition  is  most  frequently  present  when  the 
petals  themselves  are  connate  and  form  a  tubular  corolla,  e.g. 
Primula.  The  adhesion  of  the  stamens  to  the  carpels  is  of  rarer 
occurrence  (e.g.  Orchidaceae,  Stylidium,  and  Aristolochia) ;  the 
flower  is  then  termed  gijnandrous. 

In  many  flowers  it  happens  that  certain  filaments,  occupying  a 
definite  position  with  regard  to  the  other  parts  of  the  flower,  are 
longer  than  the  others ;  thus,  of  the  six  stamens  of  the  Cruciferae 
(e.g.  Wallflower  and  Cabbage),  four  are  much  longer  than  the  other 
two;  of  the  four  stamens  of  the  Labiatae  (e.g.  Lamium),  two  are 
longer  than  the  other  two.  In  the  former  case  the  stamens  are 
said  to  be  tetradynamous,  in  the  latter  didynamous. 

Stamens  which  bear  no  anthers  are  termed  staminodia :  they 
are  to  be  found  in  flowers  which  have  become  monosporangiate 


GROUP    IV. — PHANEROGAMIA  :    ANGIOSPERM^. 


519 


by  suppression  (e.g.  carpellary  flowers  of  Lanrus  nohilis),  as  well  as 
in  others  where  suppression  of  the  pollen-sacs  is  incomplete  {e.g, 
Ganna,  TroUius,  some  Lauraceae) ;  in  the  latter  case  the  stamin- 
odia  are  frequently  petaloid.  In  many  acyclic  flowers  {e.g. 
Nymphaea),  the  stamens  and  the  petals  are  connected  by  inter- 
mediate structures,  of  which  it  is  difficult  to  say  whether  they  are 
to  be  regarded  as  petaloid  stamens  or  as  staminoid  petals. 

The  Microsporangia  or  Pollen-Sacs  are  borne  on  the  anther. 
There  are  commonly  four  of  them  (quadrilocular  anther),  two 
forming  a  sorus  in  each  longitudinal  half  (or  theca)  of  the  anther, 
situated  usually  side  by  side,  but  sometimes  (Lauraceae)  one  above 
the  other ;  in  the  former  case  the  typical  arrangement  seems  to  be 
that  of  each  pair  of  pollen- sacs  one 
belongs  to  the  anterior  or  inner 
surface  of  the  anther,  the  other 
to  the  posterior  or  outer  surface. 

In  some  cases,  however,  there 
are  but  two  pollen-sacs  —  (bilo- 
cular  anther)  :  this  may  be  due  to 
the  non-development  of  one  longi- 
tudinal half  of  the  anther  (e.g. 
Cucurbitacepe,  Salvia,  Canna)  ;  or 
to  branching  (e.g.  Adoxa,  Malva- 
ceae) ;  or  to  the  abortion  of  one 
pollen-sac,  generally  the  posterior 
one,  of  each  pair  (e.g.  Asclepia- 
daceae,  Grubbia)  ;  or  (some  Laura- 
ceae) of  the  upper  or  lower  one  of 
each  pair;  or,  finally,  to  the  early 
fusion  of  the  archesporia  of  two 
adjacent  pollen-sacs  (some  Orchi- 
daceae).  In  the  Araceae  the  process  of  fusion  is  carried  to  such 
an  extent  that  all  four  archesporia  fuse,  so  that  the  anther  is  uni- 
locular. 

Rarely  (e.g.  Sarcophyte,  among  Balanophoracese)  the  anther 
bears  numerous  pollen-sacs :  the  pollen-sac  is  sometimes  multi- 
locular  (see  p.  433). 

Each  pollen-sac  encloses  an  ai*chesporiam  from  which  the 
mother-cells  of  the  microspores  (pollen-grains)  are  developed  by 
division :  each  group  of  spore-mother-cells  is  invested  by  a  layer 
of  granular  cells,  the  tapetum  (Fig.  281  t),  which  eventually  be- 


FiG.  333.— Part  of  a  staminal  flower 
of  Ricinus  communis  cut  through  length- 
ways :  /  /  the  basal  portions  of  the 
compoundly-branched  stamens ;  a  the 
anthers.     (After  Sachs.) 
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comes  disorganised :  externally  to  this  is  the  wall  of  the  pollen- 
sac  consisting  of  one  or  more  layers  of  cells  with  usually  reticn- 
lately  thickened  walls,  followed  by  the  epidermis  at  the  surface. 

The  pollen-sacs  dehisce  usually  by  a  longitudinal  slit  which, 
when  the  anther  is  quadrilocular,  is  generally  so  situated  that  it 
at  once  opens  into  both  the  pollen-sacs  of  each  half  of  the  anther, 
and  frequently  the  tissue  separating  each  pair  of  pollen-sacs 
becomes  dried  up  and  ruptured  whilst  the  anther  is  ripening  : 
sometimes  the  dehiscence  of  the  pollen-sac  is  transverse  (Al- 
chemilla) ;  sometimes  it  is  valvular  (LauraceeB,  Berberidaceae)  ;  or 
by  apical  pores  (Ericaceae,  Polygalaceae).  Though  in  a  quadrilocular 
anther  the  pollen-sacs  typically  belong,  two  to  the  inner  (ventral), 
two  to  the  outer  (dorsal),  surface  of  the  anther,  it  frequently 
happens  that  in  the  course  of  their  development  they  become 
somewhat  displaced,  so  as  to  appear  all  to  belong  to  either  the  inner 
or  the  outer  surface ;  hence,  when  dehiscence  takes  place,  the 
pollen  is  shed,  in  the  former  case,  towards  the  centre  of  the  flower, 
when  the  anthers  are  said  to  be  introrse ;  and,  in  the  latter  case, 
towards  the  periphery  of  the  flower,  when  the  anthers  are  said  to 
be  extrorse.  These  terms  are  similarly  applicable  in  the  case  of 
bilocular  anthers.  Introrse  anthers  are  the  more  common  ;  ex- 
trorse anthers  occur  in  the  Calycanthaceee,  Aristolochiaceoe, 
Iridaceae,  Juncagineae,  Araceae,  and  in  various  genera  of  other 
orders.  In  rare  cases  some  of  the  anthers  of  the  flower  are  introrse, 
and  others  extrorse,  as  in  some  species  of  Polygonum  (P.  Bistorta, 
tataricum,  aviculare,  etc.),  when  the  anthers  of  the  outer  whorl  are 
introrse,  and  those  of  the  inner  whorl  extrorse ;  and  as  in  most 
Lauraceas,  where  the  anthers  of  the  innermost  staminal  whorl  are 
extrorse,  whilst  those  of  the  outer  whorls  are  introrse. 

The  Microspores  or  Pollen-grains.  The  essential  features  in  the 
vstructure  and  development  of  the  microspores  have  been  already 
fully  described  (see  pp.  125  and  434). 

The  shapes  of  the  pollen-grain  are  very  various  (p.  436):  it 
may  be  spherical,  oval,  triangular,  etc.,  or  long  and  cylindrical 
(confervoid)  as  in  the  Naiadacese.  In  Halophila  the  shortly  cylin- 
drical pollen-grains  adhere  so  as  to  form  filaments. 

On  germination  the  pollen-grain  gives  rise  to  one  or  more 
pollen-tubes,  which  consist  of  outgrowths  of  the  intine:  these 
penetrate  the  exine  (when  present),  either  rupturing  it  irregularly, 
or  at  determinate  points  where  the  exine  is  thinner  and  less  re- 
sistent  (e.g.  Onagraceae,  Malvaceop),  or  where  there  are  lid-like 
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areas  which  are  easily  removed  {e.g.  Cucurbitaceae,  Fig.  282). 
These  points  are  definite  in  number  (1,  2,  3,  4,  or  more),  sometimes 
very  numerous  (Malvaceae). 

The  Gyna>ceum  or  Pistil  is  always  the  terminal  structure  of  the 
flower,  occupying  the  apex  of  the 
floral  axis.  It  consists  of  the 
macro.fporophyUs  or  carpels^  which, 
in  the  Angiosperms  form  the 
whole  or  part  of  the  ovaries^  that 
is,  closed  cavities  containing  the 
ovules.  If  in  a  flower  whei-e 
there  are  several  carpels,  each  of 
them  closes  by  the  cohesion  of 
its  margins,  they  form  so  many 
ovaries  ;  the  gynaeceum  is  then 
said  to  be  apocarpous  (Fig.  335^), 
e.g.  Ranunculus,  Pseonia,  and 
Butomus  ;  if  there  is  only  one  carpel  (Fig.  335  B),  the  pistil  is 
said  to  be  apocarpous  and  simple  ;  if  several  carpels  in  one  flower 
cohere  and  form  a  single  ovary  (Fig.  335  C),  the  gynaeceum  is  said 
to  be  syncarpous,  e.g.  Poppy  and  Lily.  Intermediate  forms  occur 
in  that  the  carpels  may  cohere  by  their  lower  ends  whilst  their 
upper  ends  remain  free  (Fig.  335  D). 

The  ovary  is  said  to  be  monomerous  when   it  is  formed  of  only 
one  carpel  (Fig.  336  A),  the  margins  of  which  cohere  on  the  side 


Fig.  334.— Germinating  pollen-jfrain  of 
Epilobium  (highly  mag.)  bearing  a  pollen- 
tube  8 ;  e  exine  ;  i  inline ;  ab  c  the  three 
spots  where  the  exine  is  thicker  in  antici- 
pation of  the  formation  of  the  pollen-tube 
developed  in  this  case  at  a. 


Pig.  335.— /I  Apocarpous  gynaeceum  of  Aconite.  B  Simple  apocarpous  gynaeceum  of 
Melilotus.  C  Tetramerous  syncarpous  gytia;coam  of  Rhamnua  cnthartica.  D  Ovary  of 
Saxifraga,  formed  of  two  carpels  which  diverge  towards  the  top:  t  torus;  /ovaries; 
y  style  ;  n  stigma ;  b  ventral  suture. 

opposite  to  the  midrib.  The  outer  side  along  which  the  midrib 
runs  is  the  dorsal  surface  (Fig.  336  A  r),  and  the  midrib  itself  is 
the  dorsal  suture;  opposite  to  it  is  the  line  of  cohesion,  the  ventral 
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suture,  which  rans  therefore  along  the  ventral  surface.  The  cavity 
thus  enclosed  (loculus)  is  not  usually  divided  by  dissepiments,  but 
it  is  a  simple  cavity,  as  in  the  Vetch ;  such  an  ovary  is  said  to  be 
unilocular.  False  or  spurious  dissepiments,  formed  by  growths 
on  the  inner  surface,  occur  in  some  few  instances,  as  in  Astragalus. 
When,  on  the  other  hand,  several  carpels  cohere  to  form  a  syn- 
carpous  ovary,  it  is  polymerous  {di-  tri-  or  tetra-merous,  etc).  The 
syncarpous  ovary  is  unilocular  (Fig.  836  B)  when  the  individual 
carpels  cohere  simply  by  their  edges  without  any  portion  of  them 
projecting  inwards  ;  but  if  the  margins  project  into  the  cavity  so 
as  to  form  incomplete  longitudinal  dissepiments,  the  ovary  is  cham- 
bered (Fig.  336  C),  e.g.  Poppy;  but  since  the  chambers  are  open  to- 
w^ards  the  centre,  the  ovary  is  still  unilocular.  When  the  margins 
form  dissepiments  which  meet  in  the  middle,  the  ovary  is  multilo- 
cular  ;  sometimes  the  margins  turn  outwards  again  towards  the  cir- 
cumference. 
In  the  last 
case  the  in- 
d  i  vi  d  ua  1 
loculi  are 
c  o  m  p  letely 
separated  ; 
but  there 
are  others 
in  which 
the  margins 
of  the  car- 
pels do  not  extend  so  far  towards  the  centre  at  the  upper  part  as 
at  the  lower,  but  the  two  margins  of  each  carpel  simply  cohere 
together  above ;  consequently  the  lower  part  of  the  ovary  is  poly- 
merous and  multilocular,  while  the  upper  part  is  composed  of  a 
number  of  monomerous  ovaries,  e.g.  Saxifraga  (Fig.  335  D).  In 
all  these  cases  the  floral  axis  may  grow  up  into  the  interior  of  the 
cavity  of  the  ovary,  and  when  the  ovary  is  multilocular  the  axis 
may  coalesce  with  the  dissepiments. 

False  dissepiments  may  be  formed  in  polymerous  ovaries  by  in- 
growths from  the  internal  surface  of  the  carpels  ;  thus  the  ovary 
of  the  Boraginaceae  and  Labiatae  is  originally  bilocular,  but  each 
loculus  becomes  divided  into  two  by  a  false  dissepiment,  and  when 
the  fruit  is  ripe  the  four  loculi  separate  completely  ;  similarly,  the 
unilocular  ovary  of  the  Cruciferae  becomes  spuriously  bilocular. 


Fig.  336.— Transverse  section  of  ovaries;  p  placenta.  A  Monomerous 
and  unilocular;  r  dors^al  suture  ;  b  ventral  suture  ;  p  placentation  mar- 
ginal. B  Polymerous  and  unilocular  ;  placentation  parietal.  C  Poly- 
merous and  many-chambered,  but  unilocular ;  placentation  parietal. 
D  Polymerous  and  multilocular  ;  placentation  axile. 
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The  inferior  ovary  of  epigynous  flowers  (see  p.  495)  is  rarely 
monomerous,  that  is  to  say,  the  cavity  formed  by  the  axis  is  but 
seldom  closed  by  one  carpel  only  :  it  is  commonly  polymerons,  but 
it  may  be  either  unilocular  or  multilocular ;  in  the  latter  case,  the 
margins  of  the  carpels  grow  down  along  the  internal  surface  of  the 
cavity. 

In  some  bases  the  axis  is  prolonged  between  the  carpels,  con- 
stituting a  carpophore,  as  in  the  Geraniaceee  and  Umbelliferse 
(Fig.  341). 

The  Style  (Figs.  335  and  337)  is  the  prolongation  of  the  upper 
part  of  the  carpel :  it  is  commonly  a  slender  cylinder,  but  some- 
times it  is  leafy  and  petaloid  (e.g.  Iris).  Monomerous  ovaries 
have  but  one  style ;  polyraerous  ovaries  have  as  many  styles  as 
there  are  carpels,  which  may  cohere  throughout 
their  whole  length,  or  at  their  lower  parts  only, 
the  upper  parts  remaining  distinct ;  or  they  may 
remain  quite  free,  and  they  may  even  branch. 
The  style  originally  arises  from  the  apex  of  the 
ovary,  but  it  is  frequently  displaced  forwards,  by 
the  vigorous  development  of  the  dorsal  portion  of 
the  carpel,  on  to  the  inner  side,  so  as  to  appear 
to  be  a  prolongation  of  the  floral  axis  (gynobasic 
style)  :  this  is  conspicuous  in  the  Boraginaceae 
and  Labiatoe,  where  it  is  surrounded  by  the  four 
rounded  loculi  of  the  ovary  which  have  been 
already  mentioned  (p.  622).  The  style  is  some- 
times very  short,  and  appears  only  as  a  constric- 
tion between  the  ovary  and  the  stigma,  as  in  the 
Poppy.  In  some  rare  cases  it  is  hollow,  but  it  is 
usually  filled  with  a  loose  tissue,  called  conducting 
tissue,  through  which  the  pollen-tube  can  easily 
penetrate. 

The  Stigma  (Figs.  335  and  337  n)  is  usually  terminal,  but  it  may 
be  lateral  {e.g.  Iris)  ;  it  is  distinguished  by  being  covered  with 
papilla),  or  frequently  with  hairs,  and  by  the  secretion  of  a  sugary 
fluid  which  retains  the  pollen-gi*ains  which  fall  upon  it,  and 
which  promotes  the  development  of  the  pollen-tubes.  The  stigma 
is  often  evidently  distinct  from  the  style,  appearing  as  a  lobed 
expansion  ;  in  other  cases  it  seems  to  be  merely  a  portion  of  the 
style  at  its  end  or  sometimes  on  its  side.  In  Papaver  it  is  a 
sessile  disk-shaped  expansion  on  the  upper  surface  of  the  ovary ; 


Fig.  337.— Gy- 
nspcenm  of  the 
Lily  :  /  ovary  ;  g 
style ;  n  stigma 
(nat.  size). 
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more  rarely  it  is  represented  by  bands  of  papillae  on  the  ovary 
itself,  when  it  is  said  to  be  pleurogynous. 

The  number  of  the  stigmata  often  affords  a  means  of  ascertain- 
ing whether  the  ovary  is  monomerous  or  polymerous :  for  instance, 
the  ovary  of  the  Compositae  seems,  at  first  sight,  to  be  mono- 
merous; but  the  two  short  branches  of  the  style,  each  bearing 
a  stigma,  show  that  it  is  dimerous.  On  the  other  band,  this 
character  may  be  misleading  :  for  instance,  in  various  Grasses  the 
ovary  bears  two  or  three  stigmata,  either  directly,  or  springing 
from  the  style ;  hence  it  might  be  inferred  that  the  ovary  is  di- 
or  tri-merous,  whilst  as  a  matter  of  fact  it  is  monomerous.  In 
this  respect  some  few  other  plants,  belonging  to  the  Naiadaceoe 
and  other  families,  resemble  the  Grasses. 

The  Macrospormigia  or  Ovules  are  always  enclosed  in  the  cavity 
of  the  ovary,  either  singly  or  in  larger  or  smaller  number. 
Usually  they  may  be  readily  seen  to  be  developed  on  the  carpels 
(Fig.  338  A^  B,  (7),  but  in  many  cases  they  appear  to  be  de- 
veloped from  the  floral  axis  (Fig.  338  D,  F,  G).  However,  from 
careful  comparative  examination,  it  seems  that  the  apparently 
axial  ovules  may  be  regarded  in  some  cases  as  having  been  de- 
veloped on  the  carpels,  their  position  on  the  axis  being  merely  the 
result  of  a  more  or  less  considerable  subsequent  displacement  due 
to  the  coalescence  of  the  carpels  with  the  axis.  That  portion  of 
the  ovary  which  bears  the  ovules  is  called  the  placenta. 

The  ovules,  when  borne  by  the  carpels,  are  but  rarely  developed 
over  the  whole  surface  of  the  carpel,  but  are  confined  to  the  margin  : 
in  other  words  the  placentatlon  is  rarely  superficial  but  generally 
marginal.  Superficial  placentation  (Fig.  338  (J)  is  to  be  found  in 
Butomus,  Nymphsea,  and  Nuphar,  the  dorsal  suture  (midrib)  of 
the  carpel  being  the  only  sterile  portion  of  its  internal  surface. 
Of  marginal  placentation  there  are  two  varieties :  in  the  one  the 
ovary  is  syncarpous  but  unilocular,  and  the  contiguous  placental 
margins  of  the  carpels  constitute  so  many  placentaB  on  the  wall  of 
the  ovary,  that  is,  the  placentation  i&  parietal  (Fig.  336  i?,  (7),  as  in 
the  Violaceae,  Cruciferoe,  Papaveracese,  Ribesieae,  Orchidaceae, 
etc. ;  in  the  other  the  ovary  is  syncarpous  and  multilocular,  the 
margins  of  the  carpels  meeting  in  the  centre  and  there  bearing  the 
ovules,  so  that  each  placenta  is  at  the  inner  angle  of  each  loculus, 
that  is,  the  placentation  is  axile  or  axillari/  (Fig.  336  -D,  and  Fig. 
338  B):  in  a  monomerous  ovary  (Fig.  336  A,  and  Fig.  338  A)  the 
placentation  is  essentially  parietal, but  it  is  simply  termed  marginal. 
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The  position  of  attachment  is  a  point  of  descriptive  importance, 
more  especially  where  the  number  of  ovules  is  small,  or  where  there 
is  but  one,  in  the  loculus.  When  the  ovule  is  attached  to  the  top  of 
the  carpel,  so  that  it  hano-s  into  the  loculus,  it  is  said  to  he  pendulous  ; 
when  it  is  attached  high  up,  but  at  the  side,  it  is  suspended;  when 
it  is  attached  to  the  side  and  projects  straight,  it  is  horizontal ; 
when  it  is  attached  at  the  side,  but  towards  the  base  of  the  carpel^ 
and  stands  up  into  the  loculus,  it  is  ascending. 


FiQ.  338. — Diagrams  of  the  difiFerent  modes  of  Placentation.  A  Monomerous  ovary  of 
Helleborus,  opened  along  the  ventral  suture;  8  the  ovules  on  (<j)  the  marginal  placenta. 
B  Transverse  section  of  the  ovary  of  Nicotiana  :  /  wall  of  the  ovary  ;  q  placenta,  largely 
developed  by  the  union  of  the  margins  of  the  carpels  (axile  placentation).  C  Transverse 
section  of  the  ovar^'  of  Butomus.  The  ovules  are  scattered  over  the  whole  of  the  inner 
surface,  except  the  midrib,  m  (superficial  placentation).  B  Longitudinal  section  of  an 
ovary  of  one  of  the  Composite  :  /  the  wall ;  the  erect,  anatropous  ovule  («)  grows  from  Hie 
base  by  the  side  of  the  apex  of  the  alls,  a.  E  Longitudinal  section  of  the  ovary  of  one  of 
the  UmbellifcrBe ;  in  each  chamber  an  anatropous  ovule  is  suspended.  F  Longitudinal 
section  of  Rheum;  a  single  erect  orthotropous  ovulo  grows  at  the  apex  of  the  floral  axis. 
G  Longitudinal  section  of  the  ovary  of  one  of  the  Primulaceae;  the  ovules  grow  on  a 
prolongation  of  the  axis  (free  central  placentation).  Fig.  336  B  represents  parietal 
placentation. 

When  the  ovules  are  borne,  either  actually  or  apparently,  by  the 
axis,  the  placentation  is  said  to  be  axial.  When  many  ovules  are 
borne  on  the  axial  placenta  (as  in  the  Primulaceae,  Santalaceae,  etc., 
Fig.  338  G)^  the  placentation  is  termed  freecentral.  When  there 
is  but  a  single  ovule  in  the  loculus,  the  placentation  is  basilar  or 
haaalj  and  the  ovule  is  erect :  in  this  case  the  ovule  is  borne  either 
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terminally  at  the  apex  of  the  floral  axis  (e.g.  Polygonum,  Piper, 
Naias,  Fig.  338  F) ;  or  laterally,  below  or  behind  the  actual  apex 
(e.g.  Compositae,  Fig.  338  D). 

For  other  descriptive  terras  relating  to  the  ovule,  refer  back  to 
p,437. 

The  macrosporangium  or  ovule,  consists  primitively  of  a  mass  of 
cellular  tissue,  the  nucellus,  invested  by  one  or  two  integuments, 
with  a  micropyle  at  the  apex  (see  p.  436) :  generally  speaking,  two 
integuments  are  present  in  the  Monocotyledons,  in  most  polypetal- 
ous  Dicotyledons  (with  exceptions  such  as  some  Umbelliferae  and 
Ranunculacese),  and  in  the  Cucnrbitaceae  among  Garaopetalae; 
whereas  there  is  only  one  integument  in  the  Gamopetalce  (except 
Cucurbitaceae)  and  in  the  polypetalous  orders,  Umbelliferae  and 
Ranunculaceae.  In  some  few  cases  (e.g.  Santalacea?,  Loranthaceoe, 
BalanophoraceaB),  where  the  development  of  the  ovule  is  degraded 
in  correlation  with  the  parasitic  habit  of  the  plants,  the  ovule  has 
no  integument. 

The  Macrof^pore  or  Emhryo-sac.  The  structure  and  development 
of  the  macrospore  are  described  on  p.  438. 

Accessory  Organs  of  the  Flower.  The  most  common  of  these  is 
the  Nectary^  a  glandular  organ  secreting  odorous  or  sweet  liquid, 
and  thus  attracting  insects.  The  nectary  is  sometimes  borne  on 
some  other  organ — which  is  not  thereby  materially  modified  (e.g. 
petals  of  Ranunculus,  stamen  of  Viola) ;  or  on  a  specially  modified 
perianth-leaf  (e.g.  petals  of  some  RanunculaceoB,  as  Helleborus, 
Eranthis,  Delphinium),  or  on  staminodia  (e.g.  the  posterior  of  the 
five  stamens  in  Gesneraceae  ;  a  whorl  in  Parnassia ;  one  or  more 
whorls  in  various  Lauraceae) :  in  some  cases  it  is  borne  on  the 
carpels,  in  the  septa  of  a  multilocular  ovary  (septal  glands  of  many 
Monocotyledons,  Liliaceae,  Amaryllidaceae,  and  Iridaceae).  Generally 
the  nectary  is  borne  on  the  floral  axis,  when  it  is  described  by  the 
general  term  disc  :  it  may  be  a  single  tubular  outgrowth  (Crista- 
tella)  or  a  flattened  scale  (other  Capparidaceap,  some  Resedaceae) ;  a 
single  posterior  scale  ;  or  several  in  a  whorl,  as  scales  or  rounded 
prominences  (e.g.  ApocynaceaB  ;  two  in  whorl  in  Vinca,  Dipladenia  ; 
five  in  Forsteronia  ;  many  in  Nerium  :  Cruciferae,  generally  four :  in 
Vitis  five)  ;  or  as  a  ring  of  tissue,  round  the  base  of  the  ovary 
(e.g.  Rutaceae,  Anacardiaceap,  Rhamnacece,  Celastraceae) ;  or  on  the 
upper  surface  of  the  inferior  ovary  (e.g.  Umbelliferae). 

The  position  of  the  axial  necta-ries  or  discs  is  various :  in  some 
flowers  it  is  extra-staminal.  and  then  it  is  situated  either  between 
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the  androecium  and  the  corolla  {e.g.  Capparidaoeoe,  Snpindaceee, 
Resedaceas),  or,  less  commonly,  between  the  corolla  and  the  calyx 
{e.g.  some  Apocynaceae,  such  as  Nerium)  :  in  others  it  is  intra- 
stayiiinal,  that  is,  between  the  androecium  and  the  gjnosceum  (as 
in  Rutacese,  Rhamnaceoe,  Celastraceae,  etc.).  Again,  the  disc  is 
generally  hypogynous,  but  sometimes  epigynous  (Umbelliferse). 

Generally  speaking,  when  the  nectaries,  of  whatever  kind,  are 
towards  the  outside  of  the  flower,  the  anthers  are  extrorse  (e  g. 
Ranunculaceae);  and  when  towards  the  centre  of  the  flower,  the 
anthers  are  iutrorse. 

The  most  striking  accessory  structures  are  those  of  the  Passion- 
flower :  these  are  coloured  filaments,  borne  in  successive  whorls 
(as  many  as  five),  between  the  corolla  and  the  androecium:  they 
are  not  glandular,  neither 
can  they  be  regarded  as 
staminodia  or  as  modified 
petals. 

The  General  Histulogy 
of  the  sporophyte  is  suf- 
ficiently treated  of  in  Part 
II.,  and  in  the  general 
account  of  the  Phanero- 
gams (p.  440). 

The  Kmhri/ogeny  of  the 
sporophyte  is  considered 
on  p.  440. 

The  Gnmetophyte  is  con- 
sidered on  p.  447. 

Fertilisation.  After 
reaching  the  stigma  the 
pollen-grains  protrude  the  pollen-tubes  which  penetrate  through 
the  tissue  of  the  style  into  the  cavity  of  the  ovary,  and  through 
the  micropyle  of  each  ovule  to  its  nucellns  (Fig.  339  P  n).  The 
time  required  by  the  pollen-tube  for  this  process  depends  partly  on 
the  distance  of  the  pollen-grain  from  the  ovule  and  partly  on  the 
specific  peculiarities  of  the  plant;  thus  the  pollen-tube  of  the 
Crocus  takes  only  from  one  to  three  days  to  traverse  the  style, 
which  is  from  five  to  ten  centimetres  in  length  ;  but  in  the  Orchids, 
where  the  length  of  the  stjle  varies  from  two  to  three  millimetres, 
several  days,  weeks,  or  even  months  are  needed,  and  it  is  during 
this  process  that  the  ovules  are  formed  in  the  ovary. 

V.  ^.  H.  M    M 


Fio.  339. — Diagram  of  an  ovule  shortly  after 
fertilisation;  a  outer,  and  t  inner  integuments;  / 
f  imicle :  fc  nucellas.  S  Embryo-sac  in  which  E  is 
the  eml^ryo  developed  from  the  fertilised  oosphere. 
The  sac  also  contains  the  endosperm-cells  which  Hj-e 
being  formed  by  free  cell-formation.  P  The  pollen- 
tube,  passing  through  the  micropyle,  n. 
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Ill  Casuar'na  the  pollen-tube  does  not  enter  the  ovary  by  the  style,  but  makes 
its  way  through  the  tissue  of  the  wall  of  the  cviry  into  the  placenta,  whence  it 
penetrates  into  the  ovule  by  the  chalaza  :  the  pollen-tube  now  grows  towards 
the  micropylar  end  of  the  ovule  through  one  of  the  elongated  sterile  macro- 
spores  (see  p.  438),  and  comes  into  close  relation  with  the  fertile  macrospore, 
without,  however,  entering  it ;  the  male  cell  is  apparently  extruded  from  the 
pollen-tube  into  the  macrospore,  and  enters  the  oosphere  from  below.  The  ter- 
minal portion  of  the  pollen-tube  becomes,  in  this  case,  completely  abstricted  off 
from  the  rest :  and  generally,  when  the  pollen-tube  is  very  long,  the  terminal 
portion  becomes  shut  off  from  the  rest  by  a  plug  of  cellulose.  Some  other 
Atnentales  (Corylus,  Carpinus,  Alnus,  Betula)  also  are  chalazogamic. 

The  Results  of  Fertilisation.     The  Seed  is  described  on  p.  458. 

The  Fruit.  In  view  of  the  variety  in  the  structure  and  morph- 
ology of  the  fruit  of  Angiosperms,  a  somewhat  detailed  account  of 
it  is  necessary. 

The  yford  fruit,  in  its  strictest  sense,  means  the  whole  product 
of  the  development  of  the  gynseceum  as  a  result  of  fertilisation.  If 
other  parts  of  the  flower  take  part  in  the  formation  of  the  organ 
which  is  formed  in  consequence  of  fertilisation,  and  which  contains 
the  seed  (of  what,  in  short,  is  commonly  called  the  fruit),  it  is 
termed  a  spurious  fruit  or  pseudocarp.  The  apple,  for  instance,  is 
such  a  spurious  fruit,  for  the  outer  fleshy  part  belongs  to  that 
part  of  the  axis  of  the  perigynous  flower  which  surrounds  the 
ovaries  and  which  still  bears  the  sepals  (Fig.  2  A).  What  are 
called  the  pips  of  the  apple  are  the  seeds.  This  kind  of  spurious 
fruit  is  termed  a  pome.  The  strawberry  also  is  a  spurious  fruit: 
in  it  the  receptacle,  which  belongs  of  course  to  the  axis,  de- 
velopes  largely  and  becomes  fleshy  and  bears  the  true  fruits 
(achenes)  in  the  form  of  small  hard  grains.  The  fig  is  another 
example  of  a  spurious  fruit ;  it  is  in  fact  a  fleshy  receptacle 
{i.e.  an  axis)  which  bears  a  multitude  of  distinct  flowers  situated 
inside  the  cavity  of  the  receptacle,  and  the  individual  fruits 
appear  as  hard  grains ;  such  a  fruit  is  termed  a  syconus.  Again, 
when  the  ovaries  and  floral  envelopes  of  closely  crowded  flowers, 
as  in  the  Mulberry  and  the  Pine-apple,  become  succulent,  a  kind 
of  spurious  fruit  is  formed  which  is  termed  a  sorosis. 

In  other  cases,  a  husk,  called  the  cupule  is  formed,  which  contri- 
butes to  the  formation  of  a  spurious  fruit :  this  is  formed  by  the 
bracteoles  and  is  not  developed  until  after  fertilisation  ;  it  may 
surround  either  a  solitary  distinct  fruit,  like  the  acorn-cup,  or 
several  distinct  fruits,  like  the  four-valved  spiky  husk  of  the 
Beech-tree  or  the  prickly  husk  of  the  edible  Chestnut. 
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FiG.340.— Fraitof  illiaitm 
anisatiim:  st  peduncle;  // 
the  separate  fruits,  each 
with  a  seed  (s)  forming  an 
apocarpous  fructification. 


When  the  fruifc  consists  of  one  or  more  monomerous  ovaries,  it 
is  said  to  be  apocarpous :  examples  of  this  occur  in  Ranunculus,  in 
the  Raspberry,  where  the  individual  ovaries  are  succulent,  and  in 
the  Star- Anise  (Fig.  340).  The  individual 
fruits  may  be  developed  in  very  different 
ways ;  they  may  be  dehiscent  or  indehis- 
cent,  dry  or  succulent. 

When  the  fruit  consists  of  a  single  poly- 
merous  ovary,  it  is  said  to  be  syncarpous. 
When  the  carpels  of  such  a  fruit  separate 
septicidally  during  the  process  of  ripening, 
so  that  it  ultimately  appears  as  if  a  number 
of  distinct  fruits  were  present,  it  is  termed 
a  schizocurp :  it  may  thus  split  into  only 
two  distinct  fruits,  as  in  the  UmbelliferaB  (Fig.  341);  or,  as  in  the 
Geraniaceae  and  many  Malvaceae,  into  several  distinct  fruits  :  each 
of  them  is  termed  a  coccus  or  mericarp ;  the  individual  coccus 
is  generally  indehiscent  (dehiscent  in  most  Euphorbiaceoe). 

In  various  multilocnlar  ovaries  only  one  loculus  becomes  fully 
developed  and  bears  seeds,  as  in  Valerian, 
the  Coco-Nut,  and  the  Oak ;  the  others 
are  abortive.  It  sometimes  happens  in 
cultivated  plants  that  the  fruit  becomes 
perfe'itly  formed  without  any  development 
of  seed,  as  in  a  particular  seedless  variety 
of  Grape,  the  Uanana,  the  Pine-Apple, 
etc. 

In  all  true  fruits  the  wall  of  the  ovary 
forms  the  pericarp  or  rind.  In  some  more 
or  less  succulent  fruits,  the  pericarp  con- 
sists of  three  distinct  layers  ;  the  external 
layer  is  the  epicarp,  the  middle  the  meso- 
carp,  and  the  innermost  the  endocarp. 


The  following  varieties  of  true  fruits  have  been 
distinguislied  by  the  character  of  the  pericarp, 
whether  it  is  dry  or  succulent,  liard  or  soft,  —  aud  by 
the  dehiscence  or  indehiscence  of  the  pericarp. 

A.  Dry  Fruits.  The  pericarp  is  woody  or  cori- 
aceous ;  when  ripe,  the  sap  Las  usually  disappeared 
from  all  the  cells. 

I.  Dry  Indehiscent  Fruit*.     The  pericarp  doea  not 


Fig.  311.— Carum  Carui, 
one  of  the  Umbelliferse.  A 
Ovary  of  the  flower  (/). 
B  Ripe  ftchizocarp  which 
has  divided  into  two  cocci 
or  raericarps  (m),  a  portiou 
of  the  median  wall  (a)  forms 
the  carpophore. 
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rupture,  but  encloses  the  seed  until  germination  ;  the  testa  is  usually  tliiu,  and 
frequent'y  coalescent  with  the  pericarp. 
(1)  One-seeded  fruits  : 

(a)  The  nut  {glans),  e.g.  Acorn,  Hazel-Nut  (but  not  the  Walnut);  the 
dry  pericarp  is  hard  and  sclerenchymatous  :  it  is  inferior  and  sju- 
carpous. 
(b)  The  achene  is  superior  and  monomerous :  the  pericarp  is  thin  and 
coriaceous;  e.g.  the  Eose  and  the  Buttercup.  The  similar  fruit 
of  the  Composite  is  a  cypsela  ;  it  is  inferior  and  dimerous. 

The  fiuit  of  Grasses,  termed  a  caryopsis,  is  very  similar  to  the 
achene  ;  it  differs  from  it  in  that  the  testa  and  the  pericarp  closely 
adhere,  whereas  in  the  achene  they  are  not  adherent. 


Fig.  342.— Dry  dehiscent  fruits.  A  The  pod  (legume)  of  the  Pea:  r  the  dorsal  suture  ;  h 
the  ventral ;  c  calyx;  8  seeds.  B  Septicidal  capsule  of  Colchicum  auturmnale :  ///  the  three 
separating  carpels.  C  Siliqua  of  Brassica;  fc  the  valves;  w  the  dissepiment  and  placenta; 
(replum);  «  seeds ;  g  style ;  n  stigma.  D  Capsule,  opening  by  pores,  of  Papaver  somviferum, 
the  Poppy  ;  n  stigma ;  j  the  pores  which  open  by  the  removal  of  the  valves  (a).  E  Pyxidium 
ot  Hyoscyamus ;  d  the  lid;  w  the  dissepiment;  s  seeds. 

(2)  Many-seeded  fruits :  these  {scliizocarps)  commonly  split  into  one-seeded 
fruits,  whic'i  usually  enclose  the  solitary  seeds  until  germination  :  e.g.  the 
Umbelliferae  (Fig.  341)  and  Maple,  with  two  mericarps ;  the  Geraniaceae,  with 
five  mericarps ;  and  most  Malvaceae,  where  the  fruit  is  termed  a  carcerulc,  and 
splits  into  many  mericarps  (see  p.  532). 
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The  pericarp  of  dry  in  lebiscent  fruits  is  sotnetimes  developed  into  a  mem- 
bninoiis  wing  {e.p.  Ash,  Elm,  Birch);  to  such  a  fruit  the  terra. samara  is  applied: 
the  fruit  of  the  Maple  is  a  double  samara. 

II.  Dry  Dehiscent  Fruits.  The  pericarp  ruptures  and  allows  the  seeds,  which 
usually  have  a  firm  and  thick  testa,  to  escape  : — they  are  commonly  many- 
seeded. 

(1)   Dehiscence  longitudinal. 

(a)  The  follicle,  consisting  of  a  s'ngle  carpel  which  dehisces  along  the 
ventral  suture,  where  also  the  seeds  are  borne,  e.fj.  PjEouia  atid 
Illicium  (Fig.  340) ;  but  sometimes  {e.<j.  Magnolia)  along  the  dorsal 
suture :  it  is  superior. 
(h)  The  legume  or  pod  likewise  consists  of  but  one  carpel  which  dehisces 
along  both  the  dorsal  and  ventral  sutures  (Fig.  342  A,  trans- 
verse section  Fig.  336  A)  :  e.g.  the  Vetch,  Pea,  Bean,  and  many 
other  Leguminosae ;  in  some  cases  (Astragalus)  a  spurious  dissepi- 
ment occurs  :  it  is  superior. 

The  lomentuni  is  a  modification  of  the  legume;  it  is  constricted 
between  the  seeds,  and  it  is  either  indehiscent  or  it  breaks  across, 
when  ripe,  at  tlie  constricted  parts.  It  occurs  in  the  Hedysarefe. 
(c)  The  siliqua  consists  of  two  coherent  carpels.  The  two  carpels 
when  ripe  separate  from  the  base  upwards  iuto  two  valves,  leaviug 
their  margins  (with  the  parietal  placentae  and  the  spurious  dis- 
sepiment) attached,  as  a  frame  or  replum,  to  the  apex  of  the 
pedicel ;  e.g.  Rape,  Mustard,  and  most  of  the  Cruciferae  (Fig.  342 
C)  :  it  is  superior. 

When  the  siliqua  is  short  and  broad,  it  is  termed  a  silienla,  as 
in  Thlaspi  and  C  ipsella.  In  some  cases,  as  in  the  Radish,  the 
siliqua  ia  jointed  and  indehiscent  breaking  transversely  into  one- 
seeded  portions.  It  resembles  the  lomentum,  and  is  therefore 
said  to  be  lomentaccous. 
{d)  The  capsule  is  derived  from  a  polymerous  syncarpous  ovary  which 
may  be  uui-  or  multilocular  ;  it  splits  into  two  or  more  valves, 
either  for  a  short  distance  only  from  the  apex  downwards,  or  down 
to  the  very  base  (Fig.  342  li).  If  the  carpels  become  separated 
from  each  other,  and  in  the  case  of  multilocular  ovaries  this  in- 
volves the  splitting  of  the  dissepiments  (Fig.  343  A),  the  dehiscence 
is  said  to  be  sfipticidal;  if,  on  the  other  hand,  each  carpel  si)lits 
along  its  doi'sal  suture,  the  dehiscence  is  said  to  be  looiHcid  it 
(Fig.  343  B).  In  either  form  of  dehiscence  in  a  multilocular  ovary 
the  ])lacentffi  may  either  adhere  to  the  valves  (Fig.  343  B),  or  re- 
main united  into  a  central  column  which  is  free  from  t'le  valves; 
in  the  latter  ca^^e  the  dehiscence  is  further  described  as  being 
upiifragal  (Fig.  343  C). 

The  capsule  is  usually  superior,  but  sometimes,  as  in  Iridacece 

and  Cnmpnnulaceap,  it  is  inferior;  a  special  term,  dipluteyiuni,  is 

applied  to  the  inferior  cai)sule  by  some  authors. 

(2)  The  form  of  capsule  known  as  a  pyxidium  has  a  transverse  dehiscence, 

e.g.  in  Plantago,  Anagallis,  Ilyoscyamus  (Fig.  342  E) ;  the  upper  part  falls  off 

like  a  lid. 
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Fig.  343.— Diagrammatic  sections  of  dehiscent 
tEultilocular  capsules.  A  Septicidnl,  B  loculi- 
cidal,  dehiscence  ;  C  loculicidal  septifragal 
dehiscence. 


(3)  The  2>o?-o?/8  capsnh',  e  [j.  the  Poppy  (Fig.  342  r>),  sheds  its  seeds  through 
small  holes  arising  from  the  removal  of  small  portions  of  the  wall  in  certain 
spots. 

B.     Succulent  Fruits.     In  these  the  pericarp  is  usually  differentiated  into 

la.vers,  and  some  portion  of  it  re- 
tains its  sap  until  it  is  ripe,  and 
usually  becomes  fleshy  at  that 
stage ;  it  is  iudehiscent. 

(1)  The  drupe  (Fig.  344),  is  su- 
perior and  monomerous,  e.y.  the 
Plum,  Cherry;  or  pyncarpous,  e.g. 
the  Walnut  and  Coco-Nut.  The 
most  internal  layer,  the  endocarp, 
is  very  hard  and  sclerenchymatous 
(Fig.  344  e) ;  it  is  commonly  known 
as  the  atone  in  Plums,  Peaches, 
etc.,  and  encloses  the  seed  until 
germination :  the  mesocarp  is 
generally  succulent,  and  the  epi- 
carj)  is  a  delicate  membrane  :  when 
the  fruit  consists  of  several  drupes, 
they  a'e  commonly  termed  drupels  (^.//.Easpberry). 

(2)  The  berry  (bacca) :  the  endocarp  is  soft  and  juicy  as  well  as  the  mesocarp, 
so  that  the  seeds  are  imbedded  in  the  pericarp  :  there  may  be  one  seed  only,  as 
in  the  Date;  or  many,  as  in  the  Gourd,  Currant  and  Grape:  the  fruit  may  have 
one  loculus,  as  in  the  Grape  and  the  Gourd,  or  several  loculi,  as  in  the  Oi'ange; 
and  further,  it  may  be  superior,  as  in  the  Grape, 
Orange,  and  Lemon;  or  inferior,  as  io  the  Cur- 
rant, the  Gooseberry,  and  the  Gourd. 

When  the  fruifc  is  apocarpous  and 
consists  of  many  achenes,  drupels,  or 
follicles,  it  is  termed  an  elmrio;  for  in- 
stance, the  frait  of  the  Buttercup,  the 
Rose,  and  the  Stravvben-j  is  an  etserio 
of  achenes  ;  that  of  the  Raspberry  and 
the  Blackberry  is  an  etcerio  of  drupels; 
that  of  the  Tulip-Tree  arid  of  the  Mag- 
nob'a  is  an  etserio  of  follicles. 

The  transition  between  a  syncarpous  and  an 
apocarpous  fruit  can  be  readily  traced  in  the 
Mulvaeeas,  from  the  loculicidal  capsule  of  the 
Hibisceae,  through  the  schizocarpous  carcerule 
of  the  Malveas,  to  the  fruit  of  the  Malopeaj 
which  resembles  an  etoerio  of  achenes  though  the  styles  are  coherent. 


Fig.  34i1'.— Longitndinal  sec- 
tion of  thedrupeof  theAlmoTid: 
s  the  seed  attached  by  the  fun- 
icle  (/);  e  the  hard  endocarp; 
Id  the  mesocarp;  and  x  the 
epicarp — these  constitute  the 
pericarp  (]■)• 
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The  Anglosperms  are  subdivided  as  follows  : — 

Class  IX.  MoNOCOTYLEDONES:  the  embryo  has  usually  a  s'ngle 
tei-minal  cotyledon,  and  the  growing-point  of  the  primary  stem  is 
developed  laterally  :  the  ripe  seed  usually  contains  abundant  endo- 
sperm :  the  vascular  bundles  of  the  stem  are  closed:  the  leaves 
commonly  have  parallel  venation:  the  flower  belongs  usually  to 
the  pentacyclic  trimeroiis  type. 

Class  X.  DicOTYLEDONES  :  the  embryo  has  usually  two  opposite 
cotyledons,  and  the  growing-point  of  the  primary  stem  is  de- 
veloped terminally :  the  ripe  seed  is  commonly  exalbuminons  : 
the  vascular  bundles  of  the  stem  are  usually  open :  the  leaves 
commonly  have  reticulate  venation  :  the  structure  of  the  flower 
varies,  but  it  frequently  belongs  to  the  pentacyclic  pentnmerous 
type. 


Class  IX.— MONOCOTYLEDONES. 

Although  the  seed  typically  contains  endosperm,  it  contaim 
none  in  certain  orders ;  namely,  the  Orchidaceas,  most  aquatic 
Monocotyledons  ( Alismales,  Hydrocharidaceae),  and  in  some  genera 
of  AraceaB  (Orontium,  Symplocarpus,  Scindapsus,  Monstera, 
Amorphophallus).  In  the  Scitamineae  perisperm  is  always 
present  in  the  seed,  either  together  with  endosperm  (Zingi- 
beraceee),  or  without  endosperm  (Musaceae,  Marantaceae).  In  the 
albuminous  seeds,  the  embryo  is  usually  small  in  proportion  to 
the  endosperm  (Fig.  345  I,  e,  c). 

Whilst  the  single  cotyledon  of  the  embryo  is,  as  a  rule,  terminal 
and  the  growing-point  of  the  stem  lateral,  in  some  forms  the 
growing-point  of  the  stem  is  terminal  (apical)  on  the  longitudinal 
axis  of  the  embryo  (Dioscoreaceae,  Commelynaceae,  see  p.  445). 
The  growing-point  of  the  primary  stem  frequently  developes  into 
a  plumule.  The  axis  of  the  embryo  terminates  posteriorly  in  a 
short  radicle. 

On  germination,  the  upper  end  of  the  cotyledon  commonly 
remains  in  the  seed  and  absorbs  the  nutritious  substances  de- 
posited in  the  endosperm  (Fig.  345  II -IV.) ;  the  lower  part  of  the 
cotyledon  elongates  and  pushes  the  rest  of  the  embryo  out  of  th? 
seed.  In  Grasses  the  cotyledon  has  a  peculiar  shield-like  form,  and 
is  termed  the  scutellnm  (Fig.  346  sc) :  in  the  ripe  seed  it  almost 
entirely  encloses  the  embryo,  and  is  in  contact  by  its  outer  surface 
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with  the  endosperm;  during  germination  the  cotyledon  absorbs  the 
nutritious  matters  con- 
tained in  the  endo- 
sperm, while  the  stem 
with  the  other  leaves 
grows  out  of  the  seed. 
Jn  other  Monocoty- 
ledons either  the  coty- 
ledon is  a  sheathing 
scale,  or  it  is  the  first 
green  leaf  differing  but 
little  from  the  foliage- 
leaves  which  are  sub- 
sequently developed. 

In  many  Grasses  there  is 
a  ecaly  ai  pendage  borne 
opposite  to  the  scutellum  ; 
this  is  termed  the  epiblast, 
and  is  sometimes  regarded 
as  a  rudimentary  second 
cotyledon  (Fig.  346  B,  I). 

The  primary  root 
nsually  remains  small 
and  inconspicuous :  in 
Grasses  generally,  the 
radicle  begins  to  branch 
before  it  escapes 
through  the  micropyle 
on  germination,  so  that 
the  root  is  then  fibrous; 
when  this  is  the  case 
the  inadequate  root- 
system  is  supplemented 
by  the  development  of 
adventitious  roots  in 
succession  at  higher 
and  higher  levels  upon 
the  stem.  The  epi- 
blemaof  the  root  is  the 
external  layer  of  the 
cortex  (seep.  154) 


Fig.  345.  —  Germination  of  PTicenix  dactijlifera,  the 
Date.  I.  Transverse  section  of  the  dormant  seed.  III., 
IV.  Different  stages  of  germination  {IV.  the  natural 
si/.e).  A  Transverse  section  of  the  seed  at  xx  in  IK. 
Ji  Transverse  section  of  the  seedling  at  x  y:  C  at  zz. 
e  The  horny  endosperm ;  s  the  sheath  of  the  cotyledon  ; 
st  its  stalk  ;  c  its  apex  devel  >ped  into  an  organ  of  ab- 
Borptiou  which  gradually  consumes  the  endo-'perm  and 
at  length  occupies  its  place ;  w  the  primary  root;  w' 
secondary  roots ;  6'  h"  the  leaves  which  succeed  the 
cot3  ledon ;  (b")  becomes  the  first  foliage-leaf,  in  li  and  C 
its  folded  lamina  is  seen  cut  acios?.     (After  Sachs.) 
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The  stem  of  Mono(;rtyledons  is  traversed  loTigitudiTially  (Fig. 
132,  p.  172)  by  scattered  closed  vascular  bundles  (Fig.  137)  ;  it 
has  therefore  no  growth  in  thickness  by  the  means  of  cambium. 
In  a  few  genera  only,  as  Yncca  and  Dracaena,  it  grows  subse- 
quently in  thickness  by  the  formation  of  meristem  in  the  pericycle 
from  -which  additional  closed  vascular  bundles  are  developed  (see 
p.  205,  and  Fig.  154). 

The  axis  of  the  embryo  in  many  cases  continues  to  be  the  main 
axis  of    the   plant ;  at  first  it   is   thin  and   weak,  and   since   no 


cZ  \ii 


V^ 


Fio.  346.— Grain  of  Tviiicum  xwlQnxe,  tte  "Wbeftt.  A  Crcss-f  ection  tlirun^h  the  pericarp 
and  tCBta.  Of  these,  ep  is  the  epidermis,  e  the  outer  layers,  and  chX  the  chlorophylU 
hiyer,  of  the  perictirp :  il  remnants  of  the  ovular  integumeut,  and  n  the  outermoFt 
tt.ickened  layer  of  the  nucellus;  these  together  constitute  the  testa:  al  the  alenron- 
layer  of  the  endosperm  { x  210).  B  Median  longitudinal  secticn  through  the  lower 
pnrt  of  a  ripe  grain,  in  the  plane  of  the  furrow.  At  the  bottom  of  this  to  the  left  is 
theembrjo:  the  scutclium,  »c ;  V  the  ligule  j^f  the  sciitellum  ;  rs  its  vascular  bundle;  c« 
itH  layer  of  cylindrical  epithelium:  c  the  sheath  of  the  plumule  (colcoptile);  i>r  the  grow- 
ing-point of  the  stem;  ?ip  the  hypocotyl ;  I  the  cpiblast;  r  the  radicle;  cp  the  root-cap  of 
the  ra<licle  ;  c\  the  root-sheitth  (cdlcorhiza) ;  m  pliice  of  exit  of  the  radicle,  corresjionding 
with  the  micropyle  of  the  ovule;  p  the  fnnicle ;  vp  vascular  bundle  in  the  funicle;/ 
lateral  surface  of  the  furrow  (x  14).    (After  Strasburyer.) 

secondary  growth  in  thickness  of  the  stem  takes  place,  and  since 
the  successive  portions  of  the  stem  are  thicker  and  more  vigorous, 
the  whole  stem  gradually  assumes  the  appearance  of  an  inverted 
cone :  but  whan   the  plant  has  reached   a  certain  height  it  may 
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then  grow  cylindiically  :  this  is  the  reason  why  in  Palms,  in  the 
Maize,  and  other  similar  erect  stems,  there  is  a  diminution  in 
thickness  at  the  lower  end.  Frequently,  however,  the  primary 
axis  of  the  plant  perishes  when  it  has  given  rise  to  latei'al 
shoots. 

The  arrangement  of  the  leaves  is  at  first  alternate :  when  the 
stem  is  well  developed  this  alternate  arrangement  often  passes 
over  into  complex  spiral  arrangements,  as  in  Fritillaria  and  in 
Palms,  in  which  plants  a  crown  of  leaves  is  conspicuous.  In  the 
Grasses,  and  a  few  other  families,  the  phyllotaxis  is  permanently 

alternate.  A  whorled  arrange- 
ment of  the  foliage -leave.^ 
occurs  but  rarely. 

The  leaves  commonly  have  a 
well-developed  sheathing  leaf- 
base  :  they  may  be  described 
as  exstipulate,  although  certain 
structures,  such  as  the  axillary 
scales  (squamulse  intravagi- 
"'"'  nates)  of  Naias,  Elodea,  Acorus, 
e  etc.,  and  the  tendrils  springing 
from  the  petioles  of  Smilax, 
sa  have  been  described  as  stipules, 
M,/^  but  without  conclusive  evi- 
M/^  d!ence.  The  scales  of  Naias, 
etc.,  seem  rather  to  be  ligular. 
The  lamina  is  usually  entire, 
simple  in  outline,  often  long 
and  narrow,  linear  or  ensi- 
form,  more  rarely  orbicular, 
cordate  or  sagittate.  Branched 
leaves  occur  only  in  a  few  of 
the  Aracea? :  the  pinnate  or 
palmate  leaves  of  the  Palms 
acquire  this  form  by  the  splitting  of  the  originally  entire  laminae, 
and  the  same  is  the  case  with  the  perforated  leaves  of  many 
Aracece  (see  p.  54). 

The  venation  of  the  leaves  is  characterized  by  the  fact  that  the 
weaker  veins  do  not  usually  project  on  the  under  surface.  In 
linear  leaves,  and  in  such  as  are  inserted  by  a  broad  bnse,  the 
stronger  veins  run  almost  parallel ;  in  broader  ones,  e.g.  Lily  of 


Fig.  347.— Longitudinal  section  of  the  grain 
of  Zea  Mais  (x  about  6)  :  c  pericarp;  n  re- 
mains of  the  stigma  ;  /s  base  of  the  grain  ;  eg 
hard  yellowish  part  of  the  endosperm  ;  ew 
whiter  less  dense  part  of  the  endosperm;  ^c 
scutellum  of  the  embryo ;  ss  its  apex ;  e  its 
epidermis  ;  k  plumule ;  w  (below)  the  primaiy 
root ;  u's  the  coleorhiza ;  w  (above)  secondary 
roots  springing  from  the  epicoiyl  (st).  (Af  ler 
Sachs.) 
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the  Valley  {ConvaUaria  majalis).  they  describe  a  curve  which  is 
more  or  less  parallel  to  the  mar<^in  ;  the  weaker  veins  usually  run 
at  right  angles  between  the  stronger  ones.  In  the  Scitamineae 
and  a  few  other  plants,  a  number  of  parallel  transverse  veins  are 
given  off  at  various  angles  (sometimes  acute,  and  sometimes  nearly 
right  angles)  from  the  midrib.  Reticulate  venation  of  the  leaves 
is  unusual;  but  it  occurs  in  Aroids,  in  Faris  quadrifolia,  etc.  (see 
p.  56). 

The  flower  of  Monocotyledons  consists  typically  of  five  alternat- 
ing and  isomerous  whorls,  two  belonging  to  the  perianth,  two  to 
the  androecium  and  one  to  the  gynaeceum.  Thus  the  typical 
formula  is  Kn,  Cn,  An  +  n,  Gn,  where  n  in  most  cases  =  3,  more 
rarely  =  2,  4  or  5. 

Latei-al  flowers  have  a  posterior  prophyllum  ;  hence  the  first 
perianth-leaf  is  anterior.  The  perianth-leaves  are  generally  all 
much  alike,  and  petaloid  in  both  series  :  sometimes  they  are  all 
sepaloid  (e.g.  Juncaceae)  ;  more  rarely  those  of  the  external  whorl 
are  sepaloid,  those  of  the  internal  petaloid  (e.y.  Commelynaceae, 
Alismaceoe). 

This  type  is  most  closely  adhered  to  in  the  Liliacece.  The  simplest 
departure  from  it-  is  exhibited  in  the  suppression  of  the  inner 
whorl  of  stamens  in  the  Iridaceae,  and  in  the  inferior  position  of 
the  ovary.  This  latter  character  occurs  also  in  the  Scitaminese 
and  Orchidaceae,  which  are  further  characterized  by  the  zygomor- 
phism  of  their  flowers  and  the  considerable  reduction  of  the 
androecium.  Other  various  and  considerable  deviations  by  re- 
duction fi-om  the  Liliaceous  type  of  flower  occur  among  the 
Araceae,  and  in  the  Glumales,  and  Typhaceae,  and  in  certain  watei'- 
plants  (e.g.  Naiadaceao,  LeranaceaB).  On  the  other  hand,  tho 
deviation  may  be  due  to  increase  iu  number,  more  especially  of  the 
members  of  the  gynaeceum  and  to  some  extent  of  the  androecium 
(p.g.  Alismaceas). 
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Sub-Class  I.     SPADICIFLORJS. 


Inflorescence  usually  a  spadix  with  a  spatbc,  but  flower  some- 
times solitary :  flowers  frequently  monosporangiate,  sometimes 
dioecious  :  perianth,  often  wanting,  never  petaloid  :  anthers  usu- 
ally extrorse,  or  dehiscing  by  pores  :  ovary  superior. 

Cohort  1.  Arales.  The  flowers  are  small  and  numerous;  the 
inflorescence  a  spadix  or  a  panicle  with  thick  branches,  commonly 
enclosed  in  a  greatly  developed  spathe;  the  bracts  of  the  indi- 
vidual flowers  are  frequently  wanting ;  perianth  0,  or  polyphyl- 
lous ;  the  flowers  are  usually  diclinous,  but  both  kinds  of  flowers 
frequently  occur  in  the  same  inflorescence  :  gynaeceum  apocarpous 
or  syncarpous  :  the  seeds  have  a  large  endosperm  :  the  embryo  is 
straight  and  minute. 

Order  1.  Arace^.  Flowers  monoecious  or  ^  :  perianth  0  or  of 
4-6  leaves  :  stamens  1-8,  frequently  coherent  into  a  synandrium 
in  the  ^  flowers :  ovary  monomerous,  or 
polyraerous  and  multilocular  :  fruit  a  berrj^ : 
seed  sometimes  exalbuminous.  Mostly  tro- 
pical. 

In  many  of  the  genera  the  flowers  ai'e 
complete  and  conform  to  the  monocotyle- 
donoas  type,  Kn,  Cn,  An  +  u  G  ("),  where 

n  may  stand  for  2,  or  3, 

as  in  Acorus  (Fig.  348), 

in   which    the    flowers 

are  exactly  typical.    In 

other  genera,  however, 

the  flowers  are  reduced 

in  various  ways  and  de- 
grees ;    not    only  does 

the  pprianth  disappear, 

but  the  number  of  the 

stamens  and  carpels  is 

frequently  diminished. 

In      many     ?     flowers 

staminodia  are  present, 
either  in  the  typical  or  in  a  smaller  number, 
offered  by  those  diclinous  flowers  of   which  the  S  consists  of  only 
a  single  stamen  {e.g.  Arisarum),  and  the  ?  of  only  one  monomerous 


Fio.  348.— Flower  of 
Acorns  Calamua  (mag.) : 
a  outer,  i  inner  peri- 
anth :  st  Btamens ;  / 
ovary. 


Fig.  349.— Spadix  of  Arum 
maculatum  (nut.  size)  :  / 
macrosporangiate,  omicro- 
sporangiate,  and  b  rudi- 
mentary flowers;  c  tbe  up- 
per club-shaped  end  of  the 
spadix. 

An  extreme  case  is 
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ovary.  These  much  reduced  flowers  are  disposed  in  regular 
order  on  the  spadix  :  thus  in  Arum  (Fig.  349)  the  numerous  $ 
flowers,  consisting  each  of  one  carpel  (Fig.  349/).^  are  inserted  on 
the  base  of  the  spadix  ;  and  the  ^  flowers,  each  consisting  merely 
of  3-4  stamens,  are  closely  packed  higher  up  on  it  (Fig.  349  a). 
The  upper  part  of  the  spadix  is  covered  with  rudimentary  flowers 
(6,  c).  When,  as  in  this  case,  the  perianth  of  the  true  flowers  is 
wholly  wanting,  the  whole  inflorescence  may  assume  the  aspect 
of  a  single  flower;  but  irrespectively  of  the  numerous  intermediate 
forms  which  are  to  be  found,  such  a  view  is  untenable  when  it  is 
borne  in  mind  that  here  the  ovaries  are  invariably  situated  below 
the  stamens,  while  in  a  flower  they  are  invariably  above  them. 

The  usually  sjmpodial  stem  may  be  underground,  a  tuber,  or  a 
rhizome,  or  it  may  be  aerial  ;  in  the  latter  case  it  often  climbs, 
clinging  to  trees  by  means  of  aerial  roots.  The  leaves  are  either 
alternate  and  distichous  or,  more  often,  spiral  with  a  divergence 
of  f.  They  are  rarely  narrow,  linear,  or  ensiform,  and  commonly 
consist  of  leaf-base,  petiole,  and  blade  ;  the  venation  is  reticulate, 
and  the  leaf  often  exhibits  a  more  or  less  complicated  segmenta- 
tion. Laticiferous  sacs  or  cells  (see  p.  141)  occur  in  some  families 
of  the  order,  as  do  also  sclerotic  cells  (see  p   133). 

Fam.  1.  Pothoidea  :  without  either  laticiferous  or  sclerotic  cells :  flowers 
usually  $  ,  with  or  without  a  perianth.  This  fami  y  includes  a  number  of 
genera,  such  as  Pothos,  Anthurium,  Acorus.  The  only  member  which  occurs  in 
Britain  is  Acorus  Calanma,  the  Sweet  Flag,  which  grows  on  the  margins  of 
ponds  and  rivers:  its  subterranean  rhizome  bears  long  ensiform  alternate 
leaves,  crimped  at  the  edges ;  its  flowering-shoot  is  triquetrous,  bearing  a 
terminal  spadix  which  is,  however,  displaced  to  one  side  by  the  spathe  which 
developes  so  as  to  form  a  continuation  of  the  long  axis  of  the  flowering-shoot : 
the  spadix  is  densely  covered  with  flowers  (Fig.  348). 

Fam.  2.  M onsteroidecp. :  without  laticiferous  cells,  but  with  sclerotic  cells : 
flowers  $  ,  mostly  without  a  perianth.  Monstera  deliciosa  (sometimes  called 
Fliilodcndion  pertusum),  with  perforated  leaves,  is  commonly  cultivated  in  hot- 
houses :  it  comes  from  Mexico.     Scindapsus. 

Fam.  3.  Call  idi'ce  :  with  straight  rows  of  laticiferous  cells:  flowers  usually 
^  ,  with  or  without  a  perianth  :  leaves  never  sagittate.  No  member  is  indi- 
genous in  Britain  :  Calla  yaUistrU  occurs  in  the  marshes  of  Northern  Europe  ; 
it  has  a  white  spathe  and  parallel-veined  leaves.     Symplocarpus.     Orontium. 

Fam.  4.  Laaioidece:  with  straight  rows  of  laticiferous  cells :  flowers  mono- 
or  ambi-sporangiate,  mostly  without  a  perianth :  leaves  sagittate,  often 
segmented.  This  family  includes  a  number  of  typical  genera,  of  which  Ainor- 
phophallus  is  the  most  conspicuous. 

Fam.  5.     Philodendruidea  :  with  straight  rows  of  laticiferous  cells :  flowers 
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diclinous,  without  a  perianth :  stamens  usually  connate  :  leaves  generally 
parallel-veined.  Zojitedeschia  (Calla  or  Ilichardia)  cetliiopica,  with  a  white 
spathe,  is  commonly  cultivated  uuder  the  name  of  the  Trumpet  Lily. 

Fam.  6.  Colocusioidece :  with  a  net-work  of  laliciferous  vessels :  flowers 
diclinous,  mostly  without  a  perianth  ;  stamens  connate:  leaves  with  reticulate 
venation.  The  genera  Alocasia,  Colocasia,  and  Caladium,  are  commouly  culti- 
vated as  foliage-plants. 

Fam.  7.  Araidece  :  with  straight  rows  of  laticiferous  cells  :  flowers  di<linous: 
usually  without  perianth.  Arum  maculaluin,  the  Cucko  >-pint  or  Lords  and 
Ladies,  is  a  British  plant,  common  in  wood  and  hedges ;  the  large  g'eeu  spathe 
completely  envelopes  the  spadix  (Fig.  349).  Dracunculus  and  Arisarum  are 
also  European  genera. 

Fam.  8.  Fintioidece :  no  laticiferous  tissue:  flowers  diclinous,  without 
perianth :  raicrosporaugiate  flowers  numerous  and  whorled,  macrosporangiate 
flower  single,  on  the  spadix. 

Putia  Stratiotes,  a  tropical  water-plant,  is  characterized  by  having  the  flowers 
on  ihe  spadix  reduced  to  two,  one  <J  flower,  and  one  9  flower  consisting  of  a 
single  carpel :  the  spadix  and  spathe  are  adherent.     It  appears  highly  pro- 
bable that  the  Lemnaceae.  mentioned  below,  are  in 
fact  very  simple  forms  of  this  family. 

Order  2.  Lemnace^.  Stem  leafless. 
Each  inflorescence  consists  of  two  (^  flowers 
and  one  ?  flower  borne  on  a  lateral  branch 
of  the  stem :  the  (^  flowers  consist  of  a 
single  stamen,  and  the  9  flower  of  one 
carpel. 

Lemua  Irisxilca,   L.  {Spiiodela)  polijrhiza,  minor 
and    gihba,   are   known    as   D nek- weed  ;    they   are  Fig.  350.— Part  of  a  plant 

common  in  tanks  and  ponds,  floating  on  the  water.  °^  ^'"'"'^  trisulca,  seen  from 
rpu        i  ^  ■  r     '      1     a  ■         i         j.     li    j.  above :  a  the  young  lateral 

The   stem,    which   is   leafless,  is    almost    flat,   re-       branches  (nat.  size), 
sembjing  a  tlialliis:    it  bears  two  rows  of  branches 

(Fig.  350),  as  also  roots  on  its  under  surface  which  are  suspended  in  the  water. 
Roots  are,  however,  absent  in  Woljfia  arruiza,  which  is  also  devoid  of  vascular 
bundles;  its  flower  has  no  spathe,  and  it  bears  only  one  row  of  branches:  it 
is  the  smallest  known  flowering  plant. 

Order  3.  Pandanacej:.  Flowers  dioecious,  perianth  0:  the  ? 
flower  sometimes  consists  of  a  single  carpel;  or  of  several  carpels 
forming  a  multilocular  (species  of  Pandanus)  ovary,  each  loculns 
containing  a  single  ovule ;  or  of  several  carpels  forming  a  uni- 
locular (Freycinetia)  ovary  with  numerous  parietal  ovules;  they 
are  closely  crowded  on  the  spadix,  which  becomes  a  spurious  fruir. : 
tlie  (^  flower  has  numerous  stamens:  in  the  genus  Freycinetia, 
each  flower  usually  has  rudiments  of    the  missing  reproductive 
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Pandanvs  utilis,  the  Screw-Pine,  and  other  species,  form  thickets  ia  the 
tropics,  particularly  on  the  banks  of  rivers.  The  straight  woody  stems,  which 
subsequently  branch,  give  off  numerous  strong  adventitious  roots  which  attach 
them  to  the  soil,  and  bear  crowns  of  large  narrow  liuear  leaves,  the  margins 
of  which  are  frequently  set  with  sharp  spinous  teeth.  The  tough  vascular 
bundles  are  used  for  the  manufacture  of  fabrics.  The  genus  Freycinetia  in- 
cludes a  number  of  shrubs,  some  of  which  climb.  Tropics  of  Australasia,  and 
the  Malay  Archipelago. 

Order  4.  CYCLANTHACEiE.  Plants  of  a  palm-like  habit  in  Southern 
and  Central  America  ;  the  diclinous  flowers,  which  usually  have  a 
perianth,  are  disposed  on  the  spadix  in  regular  spirals  :  ovules 
many,  parietal. 

The  leaves  of  Carludovica  palmata  are  applied  to  various  purposes,  e.g. 
Panama  hats  are  woven  of  them. 

Order  5.  Typhace^.  Flowers  monoecious  ;  the  perianth  repre- 
sented only  by  scales,  or  0.  Stamens  usually  3.  Ovary  usually 
monomerous,  containing  one  ovule.  Inflorescence  a  spadix,  with- 
out a  spathe,  elongated  or  compact. 

In  Sparganium,  the  Bur-Reed,  the  inflorescences  are  spherical  spikes  wh.ich 
are  borne  terminally  and  laterally  in  two  rows  on  the  upper  part  of  the  stem. 
The  lower  spikes  bear  only  9  ,  and  the  upper  only  ^  flowers  ;  the  perianth 
consists  of  3-6  scales  ;  stamens  3-8,  free  ;  gynaeceum  sometimes  dimerous  with 
an  ovule  in  each  loculus.  Sparganium  simplex  and  ramosum  are  not  rare  in 
ditches. 

Typha,  the  Eeed-Mace  or  Bulrush,  bears  its  flowers  on  a  long  terminal  spadix; 
the  (J  flowers  are  borne  directly  on  the  upper  and  thinner  portion  of  the  main 
axis;  on  the  lower  and  thicker  portion  are  borne  the  $  flowers,  partly  on 
the  main  axis  and  partly  on  very  short  lateral  shoots  ;  the  perianth  is  rej^laced 
by  long  hairs  ;  stamens  1-5,  monadelphous.  Typha  angustifolia  and  latifolia 
occur  in  bogs  and  wet  places. 

Cohort  2.  Pal  males.  Order  1.  Palmace^.  The  dioecious  or 
monoecious,  rarely  monoclinous  or  polygamous,  flowers  are  inserted, 
with  or  without  bracts,  on  the  spadix  or  on  the  thick  axis  of  a 
spicate  or  paniculate  inflorescence  (Fig.  351)  :  they  generally  con- 
form to  the  type  K3,  03,  AS  -f-  3,  G  '-' :  in  some  instances  a  larger 
or  a  smaller  number  of  stamens  are  present  :  anthers  sometimes 
introrse  :  carpels  rarely  more  or  less  than  3,  either  free  or  connate  ; 
when  the  gynoeceum  is  apocai'pous,  the  ovary  is  unilocular  ;  when 
syncarpous,  the  ovary  has  from  one  to  three  loculi.  Each  loculus 
contains,  typically,  a  single  basal  ovule  ;  but  in  trimerous  ovaries, 
two  of  the   ovules  are  generally   abortive  :  frequently   not  more 
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than  one  of  the  carpels  (whether  the  gynaeceum  be  apocarpous  or 
sjncarpous)  developes  into  the  fruit :  the  fruit  is  generally  bac- 
cate or  drupaceous,  one-seeded  :  the  seed  is  large,  and  the  contained 
endosperm  is  horny. 

Their  mode  of  growth  is  somewhat  various.  Most  palms  bear 
their  leaves  closely  arranged  in  a  crown  at  the  top  of  a  tall  or  of 
a  quite  short  stem,  which  is  clothed  for  some  distance  below  its 
apex  with  the  remains  of  the  older  withered  leaves.  But  in  some 
genera,  e.g.  Calamus,  the  stems  creep  or  climb  and  the  leaves  are 
inserted  at  some  distance  from  each  other.  The  blade  of  the 
leaf  commonly  splits  in  the  course  of  its  growth,  assuming  a  com- 
pound palmate  or  pinnate  form  (see  p.  54).  The  inflorescence 
is  invested  by  bracts  :  there  is  usually  a  large  bract  (spathe)  which 
envelopes  the  whole  inflorescence  when  young, 
and  other,  inner,  bracts  which  either  partially 
invest  it  or  (when  branched)  its  branches. 

Palms  chiefly  inhabit  the  tropics,  particu- 
larly the  Moluccas,  Brazil,  and  the  region  of 
the  Orinoco,  and  the  different  genera  belong 
exclusively  (at  least  originally)  either  to  the 
Old  or  to  the  New  World. 

Fam.  1.  CoryphincE  :  the  gynaeceum  consists  of  three 
free,  or  but  slightly  coherent,  carpels  :  fruits  1-3,  bac- 
cate :  the  leaf-segments  are  concave  above.  Phcenix 
dactylifera  (the  Date  Palm)  a  native  of  Asia  and  Africa, 
has  pinnatifid  leaves.  Of  the  tliree  ovaries,  one  only 
developes  to  form  the  fruit  which  is  known  as  the  Date ; 
the  stone  of  the  Date  consists  of  a  very  thin  testa  en- 
closing the  large  mass  of  hard  endosperm  in  which  the 
embryo  is  imbedded.  Chamarops  humilis  is  a  frequently 
cultivated  ornamental  plant,  with  fan-like  leaves,  which 
belongs  to  the  Mediterranean  region. 

Fam.  2.  Borassince  :  ovary  syncarpous,  trilocular  at  its  base  :  fruit  1-3 
seeded,  smooth,  drupaceous,  with  hard  endocarp  :  leaves  fan-shaped,  the  seg- 
ments concave  above.  To  this  family  belong  Hyphane  thebaica,  the  Donm 
Palm  of  Egypt ;  and  Borasms  jiabelUformia,  the  Palmyra  of  India  and  Africa. 

Fam.  1.  Lepidocaryina  :  ovary  syncarpous,  trilocular :  fruit  covered  with 
scales,  enclosing  a  single  seed  :  leaf-segments  convex  above. 

Mauritia  is  an  American  genus.  Raphia,  an  African  genus,  but  occurring 
in  America,  is  one  of  the  few  instances  in  which  a  genus  of  Palms  is  repre- 
sented in  both  the  New  and  the  Old  Worlds  :  from  its  leaves  "  llaphia-bast  " 
is  obtained ;  It.  vinifcra  is  the  Bamboo  Palm  from  which  Palm-wine  is  made  in 
Africa.  Metroxylon  (Eu-Sagus)  Ilumphii  and  lave,  growing  in  the  Moluccas, 
are  the  plants  from  which  Sago  is  obtained  ;  it  consists  of  the  starch-grains 
V.  S.  B.  N   N 


Fig.  351.— Part  of  tlio 
panicle  of  macrosporan- 
giato  flowers  of  Chamse- 
dorea :  s  the  thick  axis ;  a 
the  external  ;  and  p  the 
internal  whorl  of  the 
l)erianth  ;  /  ovary  (x  3). 
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obtained  from  the  parenchyma  of  the  trunk.  The  stems  of  species  of  Calamus, 
in  the  East  Indies,  supply  Malacca-cane. 

Fam.  4.  Ceroxylince :  ovary  syncarpous,  uni-  or  tri-locular :  fruit  a  berry 
(sometimes  3  berries  by  separation  of  the  carpels  after  fertilisation)  or  a  drupe, 
1-3  seeded  :  leaves  pinnate. 

Areca  Catechu  (Fig.  352  J)  is  the  Betel-Palm  of  tropical  Asia.  Cocos  nucifera 
(the  Coco-nut  Palm)  has,  as  is  well  known,  many  uses).  The  fruit  itself  is  a 
gigantic  drupaceous  fruit ;  the  mesocarp  is  traversed  by  an  immense  number  of 
vascular  bundles,  which  are  used  to  make  ropes,  etc.  Inside  the  excessively 
hard  innermost  layer  of  the  pericarp,  the  endocarp,  lies  a  single  large  seed. 
When  the  fruit  is  mature,  the  endosperm  forms  a  layer  only  a  few  millimetres 
in  thickness,  which  lines  the  hard  shell ;  the  rest  of  the  space  (the  remaining 
cavity  of  the  embryo-sac)  is  filled  with  fluid,  known  as  coco-nut  milk.  The 
embryo,  which  is  small,  is  imbedded  in  the  firm  tissue  of  the  endosperm,  under 


Fig.  352. — A  Part  of  the  macrospoi-angiate  inflorescence  of  Phcenix  reclinata  (nat.  size)  : 
B  single  macrosporantjiate  flower:  C  two  carpels:  D  floral  diagram.  J  Fruit  of  Areca 
Catechu:  one  half  of  the  fibrous  pericarp  has  been  removed. 

the  spot  where  there  is  a  hole  (corresponding  in  position  to  the  style  of  the 
single  fertile  loculus  of  the  ovary)  in  the  endocarp.  Elais  guineensis  is  the 
Oil  Palm  of  West  Africa  ;  the  mesocarp  of  the  plum-like  fruit  yields  the  oil. 

Fam.  5.  Phijtelephantince  :  flowers  dioecious  (Phytelephas)  or  monoecious 
(Nipa) ;  in  the  former  genus,  the  ?  flowers  have  numerous  staminodes  ;  in  the 
latter  the  two  kinds  of  flowers  are  respectively  confined  to  distinct  branches  of 
the  same  spadix,  the  staminate  branches  being  lateral  and  amentoid,  whilst  the 
carpellary  flowers  form  a  cluster  at  the  apex  of  the  main  axis:  stamens 
numerous  and  free  (Phytelephas),  or  three  connate  (Nipa) :  perianth  sometimes 
absent  (  9  flowers  of  Nipa) :  ovary  syncarpous,  tri-carpellary,  one-seeded  (Nipa), 
or  of  4-9  carpels  (Phytelephas)  with  as  many  seeds. 

These  are  low-growing-Palms,  Nipa  belonging  to  the  East  Indies,  and 
Phytelephas  to  tropical  America  :  the  hard  endosperm  of  Phytelephas  is  known 
as  vegetable  ivory. 
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Sub-Class   II.— GLUMIFLOR^. 

Flowers  ambisporangiate  or  monosporangiafce  and  then  mostly 
monoecious,  usually  in  heads  or  spikelets  invested  by  imbricate 
bracts :  perianth  absent,  or  scaly :  ovary  superior,  uni-  or  multi- 
locular,  with  one  ovule  in  th^  loculus  :  seeds  with  endosperm. 

Cohort  1.     Glumales.     Ovary  unilocular  :  ovule  erect. 

Order  1.  Graminace^.  True  Grasses.  The  leaves  are  alternate 
on  the  stem,  w^hich  is  known  as  the  haulm  ;  the  embryo  lies  on  the 
side  of  the  endosperm  (Figs.  346-7).  The  usually  ambisporangiate 
flowers  generally  have  the  formula  KO,  CO,  -43  +  0,  (rl  ;  they  are 
enclosed  by  bracts  here  termed  palece,  and  are  arranged  in  compli- 
cated inflorescences  ;  the  monomerous  unilocular  ovary  contains 
only  one  ovule  ;  the  grain  is  the  fruit,  a  caryopsis,  to  which  one 
(the  inferior)  or,  less  commonly,  both,  of  the  paleae  sometimes 
adhere,  e.g.  Barley  and  Oats. 

The  flower  is  sessile  in  the 
axil  of  a  bract,  which  is 
termed  the  inferior  or  outer 
palea,  sometimes  also  called 
the  flowering -glume  (Fig.  355 
hi,  Z>2...),  and  there  is  also  a 
bracteole  opposite  to  and 
somewhat  higher  than  this 
which  is  termed  the  superior 
or  injier  palea  (Fig.  355  ps). 
the  flower. 

Within  the  inferior  palea  are  usually  two  small  (antero-lateral) 
scales,  the  lodicules  (sometimes  only  a  single  anterior  one, 
Melica),  and  occasionally  (e.g.  Stipa,  some  Bambusece  Fig.  353  ^4), 
there  is  a  third  scale  situated  posteriorly  within  the  superior 
palea.  These  lodicules  are  frequently  regarded  as  rudimentary 
perianth-leaves  (Fig.  353),  but  it  is  more  probable  that  they 
are  bracteoles,  the  two  antero-lateral  lodicules  representing  the 
two  halves  of  a  single  bracteole,  present,  as  such,  in  Melica. 
They  grow  and  become  succulent  at  the  time  of  flowering,  thus 
forcing  apart  the  paleae  and  the  glumes  (Fig.  354).  Usually  two 
or  more  flowers,  thus  enclosed  by  palese,  are  present  on  an  axis 
(Fig.  355  x),  and  constitute  the  spikelet  of  the  Grass,  and  beneath 
the  lowest  flower  there  are  usually  two  (or  more)  bracts  which 


Fig.  353.  —  Diagrams  of  Grass- flowers.  A 
Bambusa.  B  Common  type  of  Gramiuaceaj. 
lu  A  there  are  three,  in  B  two  lodicules. 

The  two  paleoe  completely  enclose 
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bear  no  flowers  in  their  axils  and  are  known  as  the  glumes  (Fig. 
355  g).  Thus  a  spikelet  consists  of  a  main  axis  bearing  two  rows 
of  bracts  of  which  the  two  first  and  lowest  are  barren,  while  the 
succeeding  ones  bear  each  a  flower  in  its  axil,  and  beneath  each 
flower  there  is  also  a  bracteole  Tsuperior  palea)  belonging  to  the 
floral  branch  itself.  The  inferior  palese  often  have,  either  at  the 
apex  or  else  borne  on  the  midrib,  a  spinous  process  called  the 
arista  or  awn  (Fig.  355  gr). 

The  number  of  flowers  in  each  spikelet  varies,  however,  according 
to  the  gen  as  ;  often  there  is  but  one,  the  lowest,  with  rudiments  of' 


Fig.  354. — Single-flowered  spikelet  of 
Panicum  miliaceum  (mag.);  C^  and  C3 
second  and  third  glumes  :  D  inferior 
palea :  E  superior  palea. 


Fig.  355.— a  spikelet  of  Wheat  dis- 
sected (mag.)  :  X  axis  of  the  spikelet; 
g  glumes ;  b^  b^  63  b^  inferior  paleae  bear- 
ing (gr)  the  awn ;  b^  is  sterile.  JSi  B^  B, 
the  flowers  raised  (as  indicated  by  the 
dotted  lines)  out  of  the  axils  of  the  in- 
ferior paleae ;  ps  superior  paleae ;  a  an- 
thers ;  /  ovaries. 


others  above  it;  if,  however,  only  one  of  the  upper  flowers  is  de- 
veloped, then  the  lower  pale^  bear  no  flowers  in  their  axils  and 
are  regarded  as  glumes,  several  being  therefore  present  in  such  a 
case.  The  spikelets  themselves  are  in  many  genera,  e.g.  Rye  and 
Wheat  (Fig.  356  B),  arranged  in  two  rows  on  a  main  axis ;  the 
inflorescence  may  then  be  designated  a  compound  spike  (see  p. 
491) ;  in  most  of  the  other  genera  the  main  axis  of  the  inflor- 
escence bears  lateral  branches  which  are  slender,  of  various  length, 
and  often  branched  again,  and  which  bear  the  terminal  spikelets  ; 
in  this  way  a  panicle  is  formed,  as  in  the  Oat  (Fig.  356  A).  This 
may  be  either  loose  and  spreading,  with  long  lateral  branches,  or 
compressed,   with   very   short    branches,    e.g.    Alopecurus.      The 
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position  of  the  branches  of  the  panicle  is  more  or  less  bilateral : 
dorsi ventral,  when  {e.g.  Festuca)  the  br*anchlets  of  the  main 
branches  of  the  panicle  all  arise  on  the  same  side  (unilateral  or 
secund  panicle). 

The  androecinm  consists  commonly  of  one  (Fig.  353  B)  or  two 
{A)  whorls  of  2-3  stamens ;  when  there  is  bat  one  whorl  of 
stamens,  it  corresponds  to  the  outer  whorl  in  those  flowers  in 
which  two  whorls  are  present.  Sometimes  {e.g.  Luziola,  Ochlandra, 
Pariana)  the  stamens  are  numerous  (about  18-20),  or  there  may 
be  but  one  or  two.  When  there  are  normally  only  two  stamens, 
they  are  usually  situated  in  the  median  plane  {e.g.  Anthoxanthum), 
sometimes  in  the  lateral  plane  {e.g.  Coleanthus);  but  where  this 
is  the  result  of  suppression  (Diarrhena,  Orthoclada)  they  are 
postero-lateral,  the  anterior  stamen  being  suppressed  :  when  there 
is  only  a  single  stamen,  this  is  generally  the  anterior  stamen  {e.g. 
species  of  Festuca  and  Andropogon),  the  two  postero-lateral 
stamens  being  suppressed. 

The  monomerous  gy naDceum  consists  of  a  single  median  carpel 
(Fig.  353),  bearing  1-3  styles  (see  p.  524):  the  single,  somewhat 
campylotropous  ovule  is  sessile  on  the  ventral  suture  of  the  carpel. 

The  stem  is  generally  characterised  by  swollen  or  tumid  nodes, 
to  which  the  sheathing  leaf-bases  contribute.  The  long  interned es 
are  hollow  :  the  sheathing  leaf-bases  are  largely  developed,  and 
frequently  extend  over  several  internodes.  A  membranous  ligule 
is  developed  at  the  junction  of  leaf-base  and  lamina  (see  p.  48; 
Fig.  28). 


The  more  common  Grasses  are  classified  as  follows  : — 

Series  A.  Panicoide^  :  spikelet  one-flowered,  or  sometimes  two-flowered 
and  then  the  lower  flower  is  imperfect ;  articulated  so  that  it  falls  off  entire 
after  flowering  ;  no  prolongation  of  the  axis  beyond  the  flower. 

Tribe  1.  Fanicece :  spilcelets  dorsally  compressed,  in  compound  spikes : 
glumes  3,  of  which  the  lowest  is  the  smallest:  inferior  palea  without  an  awn. 

Panicum  glabrum  {Diyitariu  hwnifusa),  l\  {Echinochloa)  Crus-galli,  and  P. 
{Setaria)  viiide  occur  occasionally  on  cultivated  land.  P.  miliaceum  yields 
Millet. 

Tribe  2.  Maydece :  the  diclinous  flowers  are  in  distinct  epikelets ;  the  two 
kind«  of  spikelets  usually  form  distinct  inflorescences,  but  sometimes  they  occur 
in  different  parts  of  the  same  inflorescence :  the  lowest  glume  is  the  largest. 

Zea  Mais,  the  Maize  Plant,  cultivated  in  warm  countries,  is  a  native  of 
Tropical  America:  the  ^  spikelets  form  a  loose  panicle  at  the  apex  of  the 
haulm,  and  the  9  flowers  are  borue  laterally  on  a  thick  spadix,  which  is  en- 
sheathed  by  leaves.     Coix  belongs  to  this  tribe. 
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Tribe  3.  Andropogonecc  :  flowers  monoecious  or  polygamous  :  glumes  3,  of 
which  the  lowest  is  the  largest. 

Saccharum  OJicinamm,  the  Sugar-cane,  is  a  native  of  the  East  Indies. 
Andropogon  Sorghum,  in  different  varieties  {vulgaris,  Durra,  etc.),  yields  a  kind 
of  Millet  seed :  the  flour  of  this  is  known  in  Arabia  and  India  as  Durra. 

Tribe  4.  Oryzece  :  spikes  laterally  compressed:  glumes  2-4,  often  represented 
only  by  bristles:  stamens  generally  6.  Onjza  satlva  is  the  Kice-plant,  from 
the  East  Indies ;  cultivated  in  marshy  regions  of  Southern  Europe.  Leersia 
oryzoides,  the  Cut-Grass,  is  found  in  ditches  in  the  South  of  England. 

Series  B.  Pooide^  :  spikelet  one-  or  many-flowered,  with  distinct  internodes 
between  the  flowers:  when  one-flowered,  the  axis  of  the  spikelet  is  prolonged 

beyond  the  flower  :  the  ripe  fruits 
fall,  leaving  the  glumes  behind. 

Tribe  5.  Fhalaridece :  spike- 
lets  pedicillate  in  panicles,  later- 
ally compressed,  1- flowered: 
glumes  4,  the  inner  pair  bein  4 
smaller.  Phalaris  arundinacea, 
the  Reed-Grass,  is  common  on 
the  banks  of  streams,  etc. :  a 
variety  with  white-streaked  leaves 
is  cultivated  in  gardens.  Anthox- 
anfhvm  odoratum,  Vernal-Grass, 
which  has  only  two  stamens  and 
a  paniculate  inflorescence,  is 
common  in  meadows  :  it  gives 
the  peculiar  odour  to  fresh  hay. 

Tribe  6.  Agrostidecc :  spike- 
lets  1-flowered,  in  panicles : 
glumes  2. 

In  Agrostis,  the  Bent-Grass, 
the  axis  of  the  spikelet  is  gla- 
brous, or  it  bears  short  hairs  ;  A. 
vulgaris  and  alba  are  common  in 
meadows :  Apera  Spica  Venti  is 
common  in  fields :  in  Calama- 
grostis,  the  Small  Reed,  several 
species  of  which  occur  on  the 
banks  of  rivers  and  in  woods,  the 
axis  of  the  spikelet  is  covered  with  long  hairs.  Stipa  pennata,  the  Feather- 
Grass,  has  a  long  hairy  awn.  Milium  effnsumy  Millet-Grass,  without  an  awn, 
is  common  in  woods.  Amongst  the  forms  with  dense  cylindrical  panicles, 
Alopecurus,  the  Fox-tail  Grass,  has  the  glumes  coherent  at  the  base,  and  one 
rudimentary  palea.  Phleum,  the  Cat'stail  Grass,  has  free  glumes  and  two 
distinct  palere.     Phleum  pratense  is  commonly  known  as  Timothy-Grass. 

Tribe  7.  Avenece  :  the  paniculate,  or  rarely  spicate,  spikelets  consist  of  several 
(usually  two)  flowers  one  of  which  is  sometimes  <J  ;  the  glumes  (or  one  of  them 
at  least)  are  as  long  as  the  whole  spikelet,  longer  than  the  inferior  paleae,  which 
usually  have  a  long  twisted  or  bent  awn. 


Fig.  356. — A  Panicle  of  Oat,  Avena  sativa :  8  main 
axis ;  s'  lateral  axes ;  o  spikelet  (^  nat.  size).  B 
Spike  of  Wheat:  s  axis;  g  the  depressions  in 
which  the  spikelets  (a)  lie.  These  are  removed 
at  the  lower  part. 
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Avena,  the  Oat-Grass,  has  loose  panicles,  and  a  two-toothed  inferior  palea ;  of 
this  geuus  there  are  many  species  ;  A.  fatua  (Wild  Oats,  or  Havers),  ^^''^^^'i*** 
and  pubesccns,  are  common  in  cornfields  and  meadows.  The  following  species 
are  cultivated  :  A.  satioa,  the  Oat  (Fig.  356  A),  with  its  panicles  in  various 
planes  ;  A.  orientaiu,  with  its  panicles  in  one  plane ;  A.  atrifjom,  with  a  hairy 
floral  axis;  and  A.  nuda,  the  spikelets  of  which  usually  consist  of  three  flowers. 
Trisetum  {Avena)  Jlavescens,  the  yellow  Oat-Grass,  with  a  free  fruit,  occurs  in 
pastures.  Aira  (Deschampsia)  ccespitosa,  Rnd  Jlexuosa,  Hair-Grasses,  have  truncate 
inferior  paleas,  and  are  common  in  meadows  and  woods.  Holcus,  the  Honey- 
Grass,  has  spikelets  consisting  of  two  flowers,  the  upper  of  which  is  usually  <J  , 
and  the  leaf-sheaths  are  covered  with  silky  hairs ;  it  is  common  in  damp  meadows. 
In  Arrhenatherum,  the  False  Oat-Grass,  the  lower  of  the  two  flowers  is  ^ . 

Tribe  8.  Festucca  :  the  spikelets  are  usually  many-flowered,  and  the  glumes 
shorter  than  the  inferior  paleae  which  either  have  no  awn  or  a  straight  terminal 
awn.  Melica,  the  Melic-Grass,  has  sometimes  spikelets  consisting  of  a  single 
flower  only :  tbe  glumes  are  long  ;  it  is  common  in  woods.  Molinia  carulea  has 
a  very  long  haulm,  consisting  for  the  most  part  of  a  single  internode  ;  its  spike- 
lets are  in  loose  purplish  panicles  ;  it  occurs  on  moors.  Briza,  the  Quaking- 
Grass,  has  spikelets  which  are  compressed  laterally  and  are  cordate  at  the  base  ; 
it  is  common  in  meadows.  Koeleria  crlstata  has  dense  panicles  ;  it  is  common 
in  dry  meadows.  Dactylis  (]lomeraUi,  the  Cock's-foot  Grass,  has  dense  panicles 
divided  into  parts  which  have  longer  stalks;  it  is  common  in  meadows.  Poa 
pratensis,  trivialis,etG.  (Meadow- Grass),  are  common  in  meadows;  their  spikelets 
are  compressed  laterally  ;  the  glumes  have  a  sharp  keel ;  P.  annua  is  common 
by  the  roadside.  Other  Meadow- Grasses  are  Glyceria  aquatic  t  and  JInitans, 
with  obtuse  unequal  glumes,  and  a  lower  palea  with  5-7  prominent  parallel 
veins,  growing  in  ditches  ;  and  Hcldero-Moa  luaritima,  di»tanif,  etc.,  growing  in 
salt-marshes  and  by  the  sea-shore,  with  acute  unequal  glumes.  In  all  the 
Meadow-Grasses,  the  fruit  is  free  from  the  paleae.  Festuca  clatior,  and  others,  the 
Fescue  Grasses,  are  common  in  meadows.  Bromus,  the  Brome-Grass,  of  which 
there  are  several  species,  is  common  in  fields  (B.  secaUnm),  in  meadows  (/?. 
raccmoiUH  and  others),  by  the  roadside  (B.  sterilis  and  mollis).  Brachypodium, 
with  shortly-stalked  spikelets  in  a  simple  raceme,  and  unequal  glumes,  is  common 
in  woods  {B.  sylvancum)  and  on  hea.i\\?,  {B.  pinnatum).  In  Phragmites  the 
axis  of  the  spikelet  is  covered  with  long  silky  hairs  ;  PhragmiUs  communis,  the 
Reed,  occurs  abundantly  in  marshes.  Sesleria  cctrulea,  the  Moor-Grass,  has 
laterally  compressed  spikelets  in  dense  panicles.  Gynerium,  the  Pampas- 
Grass,  also  belongs  here  ;  it  is  dicecious.  The  upper  flowers  in  the  spikelets 
of  plants  belonging  to  this  tribe  are  often  unisexual,  and  S  ;  Phragmites  is 
peculiar  in  tha'  the  lower  flower  of  the  spikelet  is  S  . 

Tribe  9.  Chluridea:  spike'ets  laterally  compressed,  usually  1-flowered,  sessile, 
in  compound  spikes  :  glumes  2.  Cijnodon  Dactylon,  the  Dog's-tooth  Grass,  is 
often  abundant  on  waste  ground.     Spartina  stricta  occurs  in  salt-marshes. 

Tribe  10.  Hordete  :  spikelets  solitary,  or  2  or  3  together,  1  •  or  many-flowered, 
situated  in  depressions  on  the  main  fl'-ral  axis  nearly  always  in  two  opposite 
rows,  forming  the  so-culled  spike :  glumes  1-2.  In  Lolium,  the  Rye-Grass 
(L.  perennc.  Darnel,  is  common  everywhere),  the  posterior  surface  (that  is,  the 
middle  line  of  the  posterior  glume)  is  directed  towards  the  main  axis,  and  this 
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glume  is  usually  rudiineutary.  In  all  the  other  genera  the  side  of  the  spikelet 
is  directed  towards  the  main  axis,  and  there  are  two  glumes.  In  Agopyrum,  the 
palese  adhere  and  fall  off  with  the  fruit :  A.  repons,  the  Couch-Grass,  is  common 
everywhere,  and  is  a  troublesome  weed  on  account  of  its  spreading  rhizome. 
Secale  cereals,  the  Rye,  has  2flowered  spikelets  and  narrow  awl-shaped  glumes. 
In  Nardus  stricta,  the  Mat-Grass,  the  two  rows  of  spikelets  converge  laterally  ; 
the  glumes  are  rudimentary ;  there  is  but  one  stigma  ;  the  leaves  and  haulms 
are  rough  ;  it  grows  on  moors.  Triticum,  the  Wheat,  has  3-  or  more  flowered 
spikelets,  with  ovate  glumes.  Three  species  are  cultivated,  T.  vionncoccuiu, 
T.  sativum,  and  T.pnlonicum ;  in  the  first  species  the  terminal  spikelet  is  abortive. 
The  following  varieties  of  T.  s/ifiuMW  are  cultivated ;  T.  vulgare,  the  common 
Wheat,  with  long  glumes,  which  haveno  keel,  and  T.  turgidum,  English  Wheat, 
with  short  keeled  glumes ;  2'.  con>pactuvi,  the  Dwarf  Wheat,  with  short,  stout 
spikelets  ;  and  T.  din^um,  the  Hard  Wheat,  known  by  its  long  rigid  awns  ;  all 
these  varieties  have  a  wiry  floral  axis  (hence  sometimes  described  as  T.  sativum 
ttnix),  and  the  fruit  easily  falls  out  of  the  glumes,  and  in  all  but  T.  durum  there 
are  awned  and  un-awned  (beardless)  forms:  T.  Spilfa,  the  Spelt,  which  has  an 
almost  quaflrangular  spike,  and  T.  dicoccum,  with  a  compact  spike,  have  a  brittle 
floral  axis,  and  the  fruit  is  firmly  enclosed  by  the  glumes.  In  all  the  species 
the  length  of  the  awn  varies  very  much.  Hordeum,  the  Barley,  has  3  single- 
flowered  spikelets  inserted  together  in  one  depression  on  the  floral  axis.  H. 
murinnm  is  common  on  the  roadside  and  on  walls.  The  following  varieties  of 
H.  sativum  are  cultivated :  H.  vulgare  and  H.  hexastichum,  with  only  fertile 
spikelets  ;  in  the  latter  species  the  spikelets  are  all  equally  distant,  and  are 
therefore  arranged  in  six  rows  ;  in  the  former  sj^ecies  the  median  spikelets  are 
nearer  together,  and  the  lateral  ones  more  distant,  so  that  they  are  described  as 
being  in  four  rows  :  further,  H.  distichum  is  the  two-rowed  Barley,  the  lateral 
spikelets  of  which  are  $ ,  so  that  the  fruits  are  arranged  in  two  rows.  The 
fruit  usually  adheres  to  the  palea;  the  embryo  has  no  epiblast.  The  genus 
Elymus,  the  Ljme-Grass  {E.  arevaritis,  Brilit-h)  belongs  to  this  tribe,  as  also 
Pariana,  a  tropical  genus  remarkable  for  its  numerous  stamens. 

Tribe  11.  Bamhusece  :  spikelets  2-  or  many-flowered,  rarely  1-flowered,  in 
racemes  or  panicles,  clustered  at  the  nodes  of  the  branches  of  the  inflorescence  : 
glumes  2  or  many,  becoming  larger  upwards,  but  shorter  than  the  nearest  palea 
(see  Fig.  353^):  stamens  generally  6.  Large  Grasses,  known  as  Pamboos, 
having  perennial  aerial  shoots  with  often  shortly  peiiolate  leaves,  growing  mostly 
in  the  Tropics.     The  most  familiar  genera  are  Arundinaria  and  Bambusa. 

Order  2.  CvPERACEiE.  The  leaves  are  arranged  in  three  rows 
on  the  stem  :  perianth  0,  or  of  3-6  or  more  bristles  or  scales  :  the 
androeeium  consists  typically  of  two  trimerous  whorls,  though  one 
whorl  (the  inner)  is  absent  in  some  genera :  the  gynseceum  is 
typically  trimerous,  though  it  is  sometimes  dimerous :  ovary 
unilocular :  ovule  erect,  anatropous ;  the  embryo  is  enclosed  in 
the  endosperm. 

Tribe  I.  Scirpoidea  :  flowers  ^  ;  perianth  0,  or  of  bristles :  glumes  disti- 
chous :  the  odd  carpel  is  anterior.     The  spikelets  are  often  arranged  so  as  to 


GROUP    IV. PHANEROGAMIA  :    ANGIOSPERMiE  :    MONOCOTYLEDONES.  551 

form  spikes,  panicles,  umbels,  or  capitula :  the  flower  has  the  formula 
A'3,  C3,  ^3  +  0  or  3,  G*i». 

Cyperus,  the  Galingale,  has  many-flowered  compressed  spikelets  with 
deciduous  bracts  or  glumes :  Schoenus,  the  Bog-Rush,  has  few-flowered  (1-4) 
spikelets  with  persistent  glumes  :  C.  longus  and  fiiscus,  and  .S.  vipricanx, 
occur  in  England.  Cyperus  Papyrus  [Papyrus  A nti quorum)  is  an  Egyptian 
species  from  which  the  Papyrus  of  the  ancients  was  made. 

Scirpus,  the  Club-Rush,  has  a  bristly  perianth,  cylindrical  spikelets,  and  the 
glumes  are  imbricate  on  all  sides  ;  in  some  species  the  spikelets  are  solitary, 
as  in  Scirpus  caspitosus,  in  others  there  are  lateral  spikelets,  in  addition,  on 
short  stalks,  as  in  S.  lacustris  (the  true  Bulrush),  or  on  long  stalks,  as  in  S. 
syloaticus,     Eriophontm  polystachiinn    and    other   species    (Cotton-grass)  are 


Fig.  367.— j4  Flower  of  Scirpus  (magnified): 
])  the  bristly  perianth  ;  a  the  three  stamens ; 
/  the  ovary:  n  the  three  stigmata.  B  Its 
floral  diagram. 


Fig.  358.— Flower  of  Catex  (mag.). 
A  $  flower  with  (b)  bract  (glume);  s 
second  bract  (utriculus);  /  ovary;  n 
stigma.  B  <S  flower  :  st  the  thiee 
stamens ;  a  anthers.  C  Diagram  of  the 
9  and  ( D)  of  the  J  flower :  r  axis  of  the 
spike  ;  b  bract  (glume) ;  s  second  bract. 


common  on  boggy  moors  ;  the  hairs  of  the  perianth,  after  flowering,  grow  to  a 
considerable  length. 

Tribe  2.  Caricoidea :  spikelets  cylindrical;  flowers  monosporangiate ; 
perianth  0. 

These  plants  have  diclinous  (sometimes  dioecious)  flowers.  In  the  genus 
Carex  the  J  flowers  have  the  formula  KO,  CO,  ^3-1-0,  GO;  they  are  situated  in 
the  axils  of  bracts  (glumes)  (Fig.  358  D  and  D)  and  form  simple  spikes.  The  ? 
flowers  have  the  formula  A'O,  CO,  AO  +  0,  G'i>  or  (?!  and  are  not  sessile  in  the 
axils  of  the  glumes  (/;  in  Fig.  358  A  and  C),  but  a  short  branch  springs  from 
the  axil  of  each  of  these  leaves  bearing  a  second  bract  (s  in  the  Fig.)  and  it 
is  in  the  axil  of  this  second  bract  that  the  ?  flower,  which  consists  of  a 
trimerous,  or  more  rarely,  dimerous  (in  Carex  dioica  and  pulicaris,  etc.)  ovary, 
is  situated.  The  second  bract  increases  greatly  and  invests  the  fruit  (and  the 
short  branch  which  sometimes  projects  beyond  tbe  fruit  as  a  seta),  forming  the 
so-called  utriculus  :  this  structure  has  been  regarded  as  a  perianth,  and  termed 
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the  perigynium.  In  Kobresia  (Elyna)  the  second  bract  is  not  tubular,  and 
therefore  does  not  completely  invest  the  ovary.  In  consequence  of  there  being 
a  second  bract,  the  odd  carpel  of  the  trimerous  gynseceum  is  posterior :  when 
the  gynseceum  is  dimerous,  the  two  carpels  are  lateral. 

The  genus  Carex,  the  Sedge,  contains  numerous  species  which  grow  mostly 
in  damp  localities  ;  they  have  stiff  leaves  with  sharp  or  saw  like  edges.  Only  a 
few  of  them  are  dioecious  (C.  dioica,  scirpoidea)  :  in  most  the  ^  and  $  in- 
florescences occur  on  the  same  axis.  In  one  large  section  of  them  the  two 
kinds  of  flowers  occur  on  the  same  spike  which  is  either  ^  at  the  base  and  ? 
at  the  top,  or  vice  versa.  When  this  is  the  case  the  axis  bears  either  only  one 
terminal  spike,  as  in  Carex  pulicaru  and  G.  paucijlora,  or  several  spikes 
forming  a  capitulum  at  the  apex,  as  in  C.  cyperoides,  or  a  spike  or  a  panicle, 
as  in  G.  murlcata,  arenaria,  &nd  paniculata.  In  a  second  section,  on  the  other 
hand,  each  spike  is  monosporangiate,  and  then  the  ^  spike  is  almost  always 
terminal  on  the  axis  and  the  ?  lateral,  as  in  Garex  acuta,  glauca,  pracox, 
diffitata,  flava,  and  palndosa. 

Cohort  2.  Restiales.  Ovary  usually  multilocular ;  a  single 
orthotropous  and  suspended  ovule  in  each  loculus ;  hence  in  the 
seed  the  radicle  of  the  embryo  is  directed  away  from  the  hilum 
(enantiohlastic) .  Flovrers  monosporangiate,  rarely  ambisporangiate, 
with  bracts  :  floral  formula  K3,  (73,  AS +  3,  0(3),  but  occasionally 
some  of  the  members  are  wanting. 

Order  1.  Eriocaulonacej].  Flowers  monosporangiate,  in 
capitula,  often  monoecious  in  the  same  capitulum.  or  rarely 
dioecious  :  stamens  generally  in  two  whorls,  anthers  generally 
bilocular:  ovary  2-3-locular  :  seed  ribbed. 

Eriocaulon  septangnlare,  the  Jointed  Pipewort,  occurs  in  the  Hebrides  and 
on  the  west  coast  of  Ireland  :  other  genera  mostly  tropical :  generally  marsh- 
plants. 

Order  2.  Restiace^e.  Flowers  usually  dioecious  by  suppression, 
in  spikes  :  only  the  inner  whorl  of  stamens  is  present,  anthers 
generally  bilocular  :  ovary  1-3-locular :  seed  smooth  or  tubercu- 
late. 

These  are  grass-like  sub-tropical  plants  living  in  the  southern  hemisphere. 
This  order  includes  the  group  Centrolepidaceffi  (Desvauxiacere,  Lindl.) ;  in  these 
the  perianth  is  much  reduced,  the  <?  flower  probably  has  only  one  stamen,  and 
the  ^  one  or  more  monomerous  ovaries. 
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Sub-Class  III.     PETALOIDE^. 

Flowers  ambisporangiate,  rarelj  monosporangiate ;  perianth 
rarely  wanting,  usually  biseriate,  the  corolla  usually  petaloid,  and 
sometimes  the  calyx  also. 

SERIES  I.    HYPOGYNJi:. 

Ovary  superior. 

Sub-series.     Apocarpce. 

Gynaeceum  more  or  less  completely  apocarpous. 

Cohort  1.  Alismales.  Marsh-  or  water-plants  ;  flowers  fre- 
quently monosporangiate  ;  seeds  without  endosperm. 

Order  1 .  Naiadace^.  Perianth  0,  or  of  2-4  segments  ;  stamens 
1-4  :  ovaries  1-4,  with  usually  a  single  erect  or  suspended  ovule. 
Water-plants. 

Fam.  1.     Naiadea.     Flowers  monosporangiate. 

In  the  genius  Naias  the  flowers  are  solitary  or  in  spikes,  and  are  dioecious  : 
perianth  of  one  or  two  gamophyllous  series :  S  flowers  with  1  stamen,  ?  flowers 
with  1  carpel :  ovule  erect.     N.  flexilis  is  the  only  British  species. 

Fam.  2.     Zostcrea.    Flowers  monosporangiate. 

In  Zostera,  the  Grass-wrack,  the  flowers  are  monoecious,  and  without  a 
perianth  ;  they  are  borne  in  two  rows  on  one  side  of  a  flattened  spike  ;  stamen 
1,  carpel  1.  Zostera  marina  and  nana  are  the  British  species  living  in  the 
brackish  water  of  estuaries.  Phyllospadix,  a  North  American  (west-coast)  genus, 
also  belongs  to  this  family  :  it  is  dioecious. 

Fam.  3.     Zaniiichelliece.    Flowers  monosporangiate. 

In  Zannichellia,  the  Horned  Pondweed,  the  monosporangiate  flowers  are 
monacious,  and  are  solitary  or  in  spikes  :  S  flower,  perianth  0,  stamen  1 ;  ^ 
flower,  perianth  bell-shaped,  carpels  4-6.  Z.palmtris  is  the  only  British  species. 
Altheuia,  the  other  genus,  is  sometimes  dioecious. 

Fam.  4.  Gijmodocece.  Marine.  Flowers  monosporangiate,  dioecious :  perianth 
0  :  (J  flower  consists  of  two  connate  stamens  ;  ?  flower  of  two  adjacent  mono- 
merous  ovaries,  each  bearing  a  style  which  branches  into  two  stigmata ;  ovule 
single,  suspended,  orthotropous. 

To  this  family  belongs  the  genus  Cymodocea  (with  the  sub-genera  Phu- 
cagrostis,  Physoschoenus,  and  Amphibolis) ;  widely  distributed  on  tropical  and 
sub-tropical  sea-coasts. 

Fam.  5.  Posid'miea.  Marine.  Flowers  monosporangiate,  sometimes  ^  ,  in 
cylindrical  compound  spikes,  the  upper  flowers  of  which  are  ^  :  perianth  0  :  the 
S  flower  consists  of  3  stamens,  the  ?  flower  of  a  single  carpel. 

To  this  family  belongs  the  single  geous  Posidonia  ;  P.  oceanica  inhabits  the 
shores  of  the  Mediterranean.  P.  anstralis  the  shores  of  temperate  Australia.  In 
Zostera,  Posidonia,  and  Cymodocea,  the  pollen  is  filiform  or  confervoid  (see  p.  520). 

Fam.  6.    Potainogetonece,    Flowers  $  . 
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In  Potatnogeton,  the  Pondweed,  the  flowers  are  in  spikes:  general  formula 
PO,  A2  +  A2,  Gxi:  the  extrorse  stamens  have  a  broad  leafy  connective. 
This  genus  is  represented  in  Britain  by  many  species  :  in  some  {P.  pusillus) 
the  stem  bears  only  submerged  leaves  which  are  narrow  and  linear ;  in  others 
the  leaves  are  somewhat  broader  (P.  densm),  and  in  others  again  it  bears  a  few 
broad  leaves  which  float  on  the  water  (P.  nataiu). 

In  Kuppia,  the  Tassel  Pondweed,  the  flowers  are  generally  two  on  a  spike; 
formula  PO,  A2,  G4.     R.  maritima  is  the  British  species. 

Fam.  7.  Aponogetnnece.  Flowers  $  ,  in  spikes:  perianth  of  2  or  Spetaloidleaves: 
general  floral  formula  P2-3,  ^6,  G'6,  but  sometimes  (as  in  Apovogeton  distachytis) 
there  may  be  six  stamens  and  many  carpels  :  ovules  marginal,  anatropous,  either 
numerous,  or  as  few  as  three. 

This  family  includes  the  single  genus  Aponogeton,  an  aquatic  plant  inhabiting 
the  tropical  and  temperate  regions  of  Asia,  Africa,  and  Australia. 

A.  (Ouvirantra)  fenestmlis  is  remarkable  for  tlie  peculiar  structure  of  its 
leaves  (see  p.  55). 

Order  2.  JuNCAGiNACEiE,  Flowers  sometimes  dioecious  ;  both 
perianth- whorls  are  sepaloid  and  inconspicuous  ;  anthers  extrorse; 
carpels  sometimes  coherent ;  the  outer  whorl  of  carpels  is  occasion- 
ally abortive ;  ovules  1-2,  anatropous,  embryo  straight. 

Triglochin  palustre,  tbe  Arrow-Grass,  is  common  in  marshes  and  on  the 
margin  of  pools :  carpels  coherent  till  mature.  The  flowers  are  disposed  spirally 
in  a  long  loose  spike  without  bracts.  Scheuchzeria  pulustris  is  rarer  ;  it  occurs 
in  bogs ;  the  flowers  are  set  in  the  axils  of  distichous  bracts  :  carpels  free.  The 
other  genera  are,  Tetroncium,  from  the  Straits  of  Magellan,  with  dioecious 
flowers  ;  and  Lilaea,  from  the  mountains  of  North  and  South  America,  which  is 
polygamous,  having  <J ,  $  ,  and  ^  flowers. 


Fio.  859.— Diagram  of  the  Flower  of 
Trig  lochia. 


Fig.  360.— Floral  diagrams.    A  of 
Butomus.    B  Of  Aligma. 


Order  3.  Alismace^e.  Flowers  sometimes  monoecious ;  floral 
formula  J£3,  C3,  ^3^  +  0  or  3,  or  oo,  (t3  +  3  or  go  :  perianth  hetero- 
chlamydeous  ;  the  sepals  are  often  coherent  at  the  base  ;  the  petals 
are  white  or  violet ;  anthers  extrorse  or  introrse  ;  carpels  sometimes 
partially  coherent ;  ovules  1--3,  campylotropous,  embryo  curved. 

Aluma  Plantago  (Water  Plantain,  Fig.  360  B),  has  the  floral  formula  K3,  C3, 
A3'^  +  0,  GQ  or  more;    the  numerous,  monomerous,  one-seeded  ovaries  are 


GROUP    IV. — PHANEROGAMIA  :    ANGIOSPERMJ:  :    MONOCOTYLEDONES.    555 


crowded  on  the  broad  receptacle.  The  main  axis  of  the  inflorescence  bears 
whorls  of  branches  which  have  a  helicoid  ramification.  It  is  rather  common  in 
damp  spots.  Damasoninm  stellatum,  the  Star-fruit,  is  found  in  ditches  in  the 
South  of  England  :  it  has  two-seeded  ovaries. 

Sagittaria  sagittipjolia,  the  Arrowhead,  has  monoecious  flowers  with  tbe 
formula  A^3,  C3,  <J  J[  oo,  ?  G^.  The  flowers  are  disposed  in  trimerons  whorls, 
the  cJ  in  the  upper  and  the  ?  in  tbe  lower  whorls.  The  anthers  are  extrorse. 
The  ovaries,  which  are  very,  numerous  and  one-seeded,  are  inserted  on  a  fleshy 
receptacle.  Only  the  sagittate  leaves  and  the  inflorescence  appear  above  the 
water. 

Order  4.  Bctomace^.  Flo vs^ers  never  monosporangiate;  general 
floral  formula  the  same  as  in  Alismacea3;  anthers  introrse  ;  carpels 
distinct ;  ovules  numerous,  with  superficial  placentation  ;  embryo 
straight  or  curved. 

Butnmus  umbellatus  is 
the  Flowering  Rush  (Figs. 
360  A,  361).  The  flowers, 
which  have  violet  petals, 
have  the  following  for- 
mula:  7v3,  C3,  ^3.2  +  3, 
G^+i?;  they  are  arranged 
in  an  umbellate  helicoid 
cyme  at  the  apex  of  the 
scape,  which  is  about  3 
feet  high  ;  this  and  the 
leaves,  which  are  of  about 
the  same  length,  spring 
from  an  underground  rhi- 
zome. The  ovules,  which 
are  numerous,  are  borne 
on  the  inner  surface  of 
the  carpels  (Fig.  338  C) : 
the  embryo  is  straight. 

The  other  genera  all 
have  a  curved  embryo  :  in 
Tenagocharis  (Butomopsis)  there  are  nine  stamens  and  six  carpels:  in  Hydro 
cleis  there  are  indefinite  stamens  (some  sterile)  and  six  carpels  :  in  Limnoch^ri^ 
both  the  stamens  (some  starile)  and  carpels  are  indefinite. 


Fig.  361. — Butomus  umbellatus.  A  Flower  (nat.  size). 
D  Gynaeceura  (mag.);  n  stigmata.  /  Diagram:  p  p 
perianth;  /stamens  of  the  outer  whorl  duplicate:  /' 
stamens  of  the  inner  whorl;  c  outer,  and  c' inner  whorl 
of  carpels.     (After  Sachs.) 


Cohort   1 
seeds  with  starchy  endosperm 


Sub-series.  SyiwarpcR. 
Gynaeceum  syncarpous. 
Commelynales.     Perianth 


hetorochlamydeous ; 


Order  1.     Xyridace^.      Herbaceous    sedge-like    plants ;    floral 
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formula   K3,    03,    yl3  +  0,  6^'^^;    anthers    extrorse ;  ovary  usually 
unilocular,  with  parietal  placentation. 

These  plants  (Xyris,  Abolboda)  inhabit  swamps  in  tropical  or  sub-tropical 
regions. 

Order  2.  Commelynacej:.  Herbaceous  plants;  general  floral 
formula  KS,  03,  ^3  +  3,  G—,  but  the  number  of  stamens  varies  in 
the  genera  ;  anthers  usually  introrse  ;  ovary  usually  trilocular. 

These  are  mostly  tropical  plants.  Species  of  Commelyna  and  Tradescantia 
are  cultivated  as  ornamental  plants. 

Cohort  2.  Li  Males.  Perianth  homochlamydeous,  usually 
petaloid ;  seeds  with  endosperm ;  general  floral  formula  KS,  03, 
^3  +  3,  (?'!'. 

Order   I.      Liliace^.      The   flowers    conform   generally    to   the 

above  formula,  but  3  is  replaced  sometimes  by  2  or  4 :  they  are 

not    zygomorphic :  endosperm   oily ;  fruit  a  capsule  or  a  berry. 

Mostly  rhizomatous    or   bulbous    plants : 

rarely  trees  or  shrubs. 

Sub-order  1.  Lilioide^,  with  a  loculicidal  cap- 
sule, introrse  anthers,  and  united  styles.  Bulbous 
plauts. 

Tbe    family    TuHpece    includes    the    following 

genera  :  Lilium,  Fritillaria,  Tulipa,  Erythronium, 

Lloydia,  Calochortus  (with  septicidal  capsule). 

Fig.  362  —  Flower  of  the  Many  species  are  cultivated.     Lilium  caiuiidum 

Hyacinth:    aaa    the    three       is  the  white  Lily ;  L.  6uZfe?/erMm,  producing  bulbils 

outer;    a  the   three   inner       in  the  axils  of  the  upper  leaves;    L.  Mart«gmi, 

segments    of    the    perianth,       the  Turk's  Cap  Lily  ;  L.  ^t£>rmum,  the  Tiger  Lily  ; 

which  is  tubular  at  the  lower        t-  •  ^  .  t-,  •^■..      •     •  •    .- 

,  ^    ^  L.  speciosum,aiiratum,  etc.     Fntillaria  impenaUs 

is  the  Crown  Imperial,  the  flowers  of  which  are 

surmounted  by  a  crown  of  leaves.     Tulipa  Gesneriana  is  tbe  Tulip.     Krytliron- 

ium  Dens-Canis  is  the  Dog-Tooth  Violet.     Calochortus  is  the  Mariposa  Lily  of 

California.     The  following  occur  wild  in  Britain:    Lilium  Martagon;   Tulipa 

sylvestria,  wild  Yellow  Tulip  ;  Fritillaria  Meleagris,  the  Snake's  Head  ;  Lloydia 

serotina. 

The  Scillc.ce  includes  the  following  genera  amongst  others :  Galtonia, 
Hyacinthus,  Muscari,  Chionodoxa,  Lachenalia,  etc.,  in  which  tbe  seg- 
ments of  the  perianth  cohere  more  or  less  (Fig.  362);  Scilla,  Camassia, 
Ornithogalum,  etc.,  with  free  perianth-leaves.  The  following  occur  wild  in 
Britain :  Hyacinthus  non-script  us,  the  Blue  Bell ;  Muscari  racemusuin,  the 
Grape-Hyacinth;  Scilla  verna  &nd  autunmalis ;  Ornithogalum  nutans,  the  Star 
of  Bethlehem. 

Sub-order  2.      Melanthioide^  or  Colchicoide.e,  with  a    usually  septicidal 
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capsule,  usually  extrorse  anthers,  and  separate  styles.  Mostly  rhizomatous 
plants. 

Not  miny  genera  are  common  in  cultivation  ;  among  these  Gloriosa,  Uvularia, 
and  Veratrum  may  be  mentioned ;  Veratrum  album  and  nigrum  have  broad 
ovate  leaves. 

Tofieldia  i)alu)itris,  the  Scottish  Asphodel,  has  ensiform  radical  leaves ;  the 
flowers,  which  are  pale  green,  are  disposed  in  a  raceme  on  a  scape ;  it  occurs 


Fio.  3G3.— The  underground  part  of  a  flowering  plant  of  Colchicum  autumwule.  A  Seen 
in  front ;  /;  the  corm  ;  s'  »"  catnphyllary  leaves  embracing  the  flower-stalk  ;  vch.  its  base, 
from  which  proceed  the  roots,  ?c.  B  Lon-^itudinal  section  :  hha,  brown  membrane  which 
envelops  all  the  underground  parts  of  the  plant;  at  the  flower  and  leaf-stalk  of  the 
previous  year  which  has  died  down,  its  swollen  basal  portion  (fc)  only  remaining  as  a 
reservoir  of  food-inaterinls  for  the  new  plant  now  in  flower.  The  new  plant  is  a  lateral 
shoot  from  the  base  of  the  corm  Q:),  consisting  of  the  axis,  from  the  base  of  which  proceed 
the  roots  (w),  and  the  middle  part  of  which  (fc')  swells  up  in  the  next  year  into  a  corm,  the 
olil  corm  (fc)  disappearing  ;  the  axis  bears  the  sheath-leaves  («  *'  »")  and  the  foliage-leaves 
(I'  I") ;  the  flowers  (b  h')  are  placed  in  the  axils  of  the  uppermost  foliage -leaves,  the  axis 
itself  terminating  amongst  the  flowers.     (After  Sachs.) 
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in  Scotland,  in  wet  places  on  mountains,  but  it  is  rare.  NaiHhecium  ossifragum , 
the  Bog-Asphodel,  somewhat  resembles  Tofieldia,  but  the  flowers  are  yellow 
and  the  capsule  is  loculicidal ;  common  in  Scotland  and  in  the  north  of 
England. 

The  ColchiccB  are  bulbous  plants  and  have  introrse  anthers.  Colchicum 
au^ttm/iaZe  is  the  Autumn  Crocus  or  Meadow  Saffron;  when  it  is  flowering  in 
the  autumn,  the  stem  is  underground ;  it  is  at  this  time  short  and  slender 
(Fig,  363  k'),  attached  laterally  to  the  corm  of  the  previous  year's  growth  (/.;), 
and  bears  a  few  imperfectly  developed  leaves  {V  I")  as  well  as  one  or  two  flowers 
(h'  h'') :  the  ovaries  of  the  flowers  are  also  subterranean  ;  the  six  leaves  of  the 
perianth  cohere  and  form  a  tube  of  some  centimetres  in  leugth,  which  grows 
far  beyond  the  ovaries  and  above  the  surface  of  the  soil,  terminating  in  a 
petaloid  six  partite  limb  ;  the  stamens  are  attached  in  the  upper  portion  of 
the  tube.  In  the  spring  the  underground  stem  swells  at  its  base  (/c')  into  a 
corm,  and  grows  upwards,  so  that  the  developing  leaves  {V  L")  and  the  capsule 
rise  above  ground;  a  lateral  shoot  is  formed  at  its  base,  which,  in  the  autumn, 
produces  flowers,  and  this  repeats  the  process. 

Sub-order  3.  Asphodeloide^  ;  rhizomatous  plants,  with  usually  radical 
leaves,  but  the  leaves  are  sometimes  borne  on  an  aerial  rarely  branched  stem ; 
inflorescence  usually  a  terminal  spike  or  raceme :  perianth-leaves  free  or 
connate  ;  anthers  introrse  ;  fruit  capsular. 

Asphodelus,  Eremurus,  Anthericum,  Chlorophytum,  Bowiea,  Hemerocallis, 
Phormium  [Phormiam  tenax  is  the  New  Zealand  Flax),  Kniphofla,  Aloe, 
Gasteria,  and  Xanthorhsea  are  cultivated.  The  only  British  species  is  Simethis 
bicolor  in  the  south  of  England. 

Sub-order  4.  Allioide^;  generally  bulbous  plants:  inflorescence  umbellate, 
more  or  less  completely  enclosed  by  two  or  more  bracts. 

Agapanthus,  Nothoscordum,  Milla,  Broditea,  and  Allium  are  the  more  com- 
monly cultivated  genera.  Of  Allium,  several  species  are  in  cultivation  for 
culinary  purposes,  as  A.  Cepa,  the  Onion;  A.  ascalonicum,  the  Shalot ;  A 
Schoenoprasum,  Chives;  A.  Poi'rum,  the  common  Leek;  A.  sativum  {vuhjare), 
Garlic.  Some  species  (Wild  Garlic)  are  wild  in  Britain,  such  as  A.  oleraceuvi, 
vineale,  ursiniim,  and  triqiietrum  in  Guernsey.  The  leaves  of  the  various 
species  of  Allium  are  generally  tubular  and  hollow ;  the  flowers  are  disposed 
in  spherical  heads  or  umbels  ;  bulbils  are  occasionally  produced  among  the 
flowers.     Gagea  lutea  is  also  British. 

Sub-order  5.  DRACiENomE^,  stem  erect,  usually  arborescent,  with  secondary 
growth  in  thickness  (see  p.  205). 

Species  of  Yucca  are  commonly  cultivated  in  gardens ;  Cordyline  and  Dasy- 
lirion  in  greenhouses.  Draccena  Draco  is  the  Dragon's  Tree  of  the  Canary 
Islands,  yielding  a  red  gum-resin  (Dragon's-blood). 

Sub-order  6.  Asparagoide^,  with  a  subterranean  rhizome  bearing  aerial 
leafy  stems  :  fruit  baccate. 

Asparagus  officinalis  is  the  Asparagus  ;  the  young  shoots,  which  spring  from 
the  underground  rhizome,  are  eaten.  Convallaria  majalis  is  the  Lily  of  the 
Valley.  Maianthemum  hij'oUum  has  a  dimerous  flower.  Polygonatum  is 
Solomon's  Seal.  Ruscus  aculeatus  (the  Butcher's  Broom),  and  other  species, 
are  small  shrubs,  with  leaf-like  branches  (phylloclades,  see  p.  45),  on  which 
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the  diclinoua  flowers  are  borne  in  the  axils  of  minute  leaves.  Paris  quadri/olia 
(Herb  Paris)  is  poisonous:  the  flowers  are  tetramerous,  or  exceptionally  tri- 
merous  or  pentamerous  :  they  are  terminal,  and  the  stem  beneath  bears  four 
(or  three  or  five)  leaves  in  a  whorl  beneath  the  flower  (Fig.  364)  ;  the  venation 
of  the  leaves  is  reticulate.  Trillium,  the  Wood  Lily,  is  frequently  cultivated. 
Aspidistra  lurida  is  the  Parlour  Palm. 

Maiantliemum  bifolium,  Paris  quadri/olia,  Ruscus  acideatus,  Convallaria 
viajalis,  Polygonatum  verticillatum,  tnultijlorum,  and  officinale,  are  wild  in 
England. 

Sub-order  7.     Smilacoideje,  scrambling  shrubs,  having  3-5  ribbed  leaves  with 
reticulate  venation.  The  roots  of  species 
of  Smilax  constitute  Sarsaparilla. 

The  other  sub-orders  are :  Ophiopo- 
GONOiDE-E,  of  which  Ophiopogon  and 
Sansevieria  are  the  more  familiar 
genera:  Aletroide^,  Aletris  (Star- 
Grass)  cultivated  in  gardens:  Luza- 
RiAQOiDE/E,  Lapageria  cultivated  in 
greenhouses. 


Order  2.  Juncace3;.  Floral 
formula,  X3,  C3,  ^3  +  3,  G^,y 
Plants  of  a  grass-like  aspect; 
they  differ  from  the  preceding 
order  in  the  dry  and  glumaceous 
character  of  the  perianth,  and 
in  the  starchy  endosperm.  The 
leaves  are  linear  or  tubular ; 
the  inflorescence  is  an  anthela  (see  p.  493) 


Fig.  364.— Diagram  of  the  flower  of  Taris 
quadrifolia;  I  the  foliage-leaves;  ap  the 
outer ;  ip  the  inner  whorl  of  the  perianth ; 
aa  outer;  ia  inner  whorl  of  stamens. 
(After  Sachs.) 


The  species  of  Luzula,  which  has  a  unilocular  three-seeded  ovary,  muWflora, 
pilosa,  campestris,  and  sylvatica,  are  common  in  woods  and  on  heaths.  Juncus 
has  a  trilocular  many-seeded  ovary ;  plants  of  this  genus  are  called  Rushes ; 
J.  glaucus  and  effasus  have  a  tubular  stem  and  leaves,  and  a  terminal  in- 
florescence which  is  displaced  laterally  by  a  tubular  bract  which  appears  to  be 
a  prolongation  of  the  stem ;  they  are  common  in  wet  fields ;  J.  bufonius,  by 
waysides. 

Order  3.  PoNTEDERiACEiE.  Water-plants  of  tropical  America, 
with  an  irregular  zygomorphic  petaloid  perianth  :  in  other  respects 
they  resemble  the  Liliacea?. 

The  commoner  genera  are  Pontederia  and  Eichhomia :  Eichhornia  azurea 
and  cragsipes  are  frequently  cultivated  as  hot-bouse  aquatics. 


V.  s.  B. 
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SERIES  II.    EPIGYN^. 

Ovarj  inferior. 

Cohort  1.  Hydrales.  Order  1.  Hydrocharidace^.  The  in- 
florescence is  at  first  enclosed  in  a  spathe  formed  of  a  single  bract, 
or  more  commonly  of  two  connate  bracts.  The  flowers  have  a 
perianth,  the  inner  whorl  being  petaloid,  and  usually  conform  to 
the  monocotyledonous  type,  but  with  pleiotaxy  in  the  androe- 
cium  and  gynseceum ;  formula  K'S,  03,  ^3  +  3  + ,  G  (F+t:]:  The 
flowers  are  usually  monosporangiate  and  dioecious  ;  the  ?  flowers 
have  staminodia ;  the  o  flowers  have  no  gynseceum  but  an  in- 
creased number  of  whorls  in  the  androecium.  Seeds  generally 
numerous  ;  without  endosperm.     Water-plants. 

Fam.  1.  Hydrillece.  Ovary  unilocular.  Stem  elongated,  with  whorls  of 
small  leaves. 

Elodea  [Anacliaris)  canadensis  came  originally  from  North  America  and  has 
spread  in  our  waters  so  as  even  to  impede  navigation  in  canals. 

Fam.  2.     Vallisneriece.     Ovary  unilocular.     Stem  short,  with  crowded  leaves. 

ValUsneria  spiralis  inhabits  the  lakes  and  ditches  of  the  warmer  pai'ts  of 
Europe.  The  leaves  are  long,  narrow,  and  linear.  The  9  flowers  are  raised 
above  water  on  long  peduncles  ;  the  S  inflorescences  break  away  from  their 
peduncles  and  float  about  on  the  water  to  fertilise  the  $  flowers  ;  the  fruit 
ripens  under  water. 

Fam.  3,     HalophiUce.     Perianth  of  outer  whorl  only  ;  ovary  unilocular. 

Submerged  marine  plants,  forming  the  single  genus  Halophila. 

Fam.  4.  Stratiotece.  Ovary  6-  (or  more)  chambered.  Stem  short,  with 
crowded  leaves. 

Stratiotes  aloides  (Water-Soldier)  has  stiff  narrow  leaves.  Hydrocharis 
Morsus  Ranee  is  the  Frog's  Bit ;  the  plant  is  small  and  floats  on  the  water, 
with  small  roundly-cordate  leaves. 

Cohort  2.  Dioscoreales.  Flowers  regular  .- floral  formula  £!3, 
C3,  ^3  +  3,  G  ia, :  fruit  a  berry  or  a  capsule  :  endosperm  oily. 

Order  1.  Dioscoreacej:.  The  ovary  is  trilocular,  with  one  or 
two  ovules  in  each  loculus  :  the  flowers  are  monosporangiate  and 
dioecious.  They  are  climbing  plants,  with  twining  stems,  having 
large  above-  or  under-ground  tubers,  and  usually  triangular 
leaves  with  reticulate  venation, 

Dioscorea  sativa,  Batatas  and  others,  known  as  Yams,  are  largely  cultivated 
in  the  tropics,  their  tuberous  roots  yielding  a  food  rich  in  starch.  Tamus 
communis,  the  Black  Bryony,  is  common  in  England. 

Order  2.     TACCACEiE.     The  ovary  is  unilocular  and  many-seeded. 


I 
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The  flowers  are  ^  •    They  are  tropical  herbs,  and  the  leaves  which 
spring  from  the  subterranean  rhizome  have  reticulate  venation. 

Order  3.  BitOMELiACE^.  KS,  C3,  AS  +  3,  G  (3).  The  ovary  is 
superior,  inferior,  or  semi-inferior,  trilocular,  with  many  seeds. 
Perianth  heterochlamydeous.  The  leaves  are  usually  long  and 
narrow,  sharply  serrate ;  the  stem  is  generally  very  short.  The 
flowers  are  J  >  ^"^  form  spikes  or  panicles  with  bracts. 

Ananas  sativa  is  the  Pine-apple.  The  fruit  is  a  berry,  and  the  berries  of 
each  inflorescence  coalesce  into 
a  spurious  fruit  (sorosis),  above 
which  the  axis  of  the  inflorescence 
extends  and  bears  a  crown  of  leaves 
(Fig.  365  ;  see  p.  528).  In  a  state 
of  cultivation  the  berries  contain 
no  seeds.  It  is  a  native  of  America, 
and  is  cultivated  in  all  warm  coun- 
tries and  in  hot-houses. 

Cohort  3.  Amomales 
(Scitamineae).  The  flowers 
are  irregular,  zygomorphic  or 
asymmetrical  :  general  for- 
mula, ^  KS,  C3,  ^3  +  3,  G  ,:,„ 
occasionally  with  a  great 
reduction  in  the  androecium. 
Perianth  wholly  petaloid,  or 
the  calyx  may  be  sepaloid  : 
ovary  usually  trilocular. 
Fruit,  a  capsule  or  a  berry. 
Usually  no  endosperm,  but 
abundant  perisperm.  They 
are  tall  herbaceous  plants; 
the  leaves  are  large  and  have 
pinnate  venation. 

Order  1.  Musacej:.  ^^  KS,  C3,  ^3-f2  f  1  or  0,  QB.  Flower 
dorsiventral ;  the  anterior  external  member  of  the  petaloid  perianth 
is  usually  very  large,  and  the  posterior  always  very  small.  In  the 
family  M usees  the  odd  sepal  is  anterior  ;  the  sepals  are  usually  free, 
as  are  also  the  petals  in  Ravenala ;  but  in  Strelitzia  the  two  lateral 
petals  are  connate,  and  in  Musa  the  five  anterior  members  of  the 
perianth  are  connate,  forming  a  tube  which  is  open  posteriorly  : 
the  posterior  stamen  is  sterile  or  absent,  and  the  others  are  not 
always  fertile.     The  flower  of  the  family  Heliconiea)  differs  from 


Fi6. 365.— Fruit  of  the  Pine-*pple  (redaced). 
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this  type  in  that  the  odd  sepal  is  posterior,  and  the  abortive 
posterior  stamen  belongs  to  the  outer  whorl.  Seeds,  one  (Heli- 
conia),  or  many,  in  each  loculns,  withoat  endosperm.  Thej  are 
all  shrubs  of  colossal  growth,  with  enormously  long  leaves  :  the 
flowers  are  usually  arranged  in  spicate  inflorescences  in  the  axils 
of  large  and  often  coloured  bracts ;  sometimes  several  flowers 
spring  from  the  axil  of  one  bract. 

3Iusa  paradisiaca  (Plantain),  31.  Sapientum  (Banana),  and  M.  Ensete  are 
natives  of  the  tropics  of  the  Old  World ;  the  two  former  are  now  distributed 
throughout  America  and  applied  to  a  great  variety  of  purposes  ;  the  fruit,  which 
is  of  the  nature  of  a  berry,  is  an  article  of  food,  and  the  vascular  bundles  are 
used  for  making  textile  fabrics.  The  other  genera  are  Eavenala,  Strelitzia 
Heliconia. 

J         9  e      3 


FiG.  366.— Diagram  of  flower  of  Musa.     Fig.  367.— Diagrams  of  the  two  types  of  flower  in 

tLe  Zingiberaceae.  A  Hedychium.   B  Alpinia. 

Order  2.  Zingiberace^.  \  K3,  CS,  ^  f  2  or  0  +  1  f  2,  (?^,. 
Flower  dorsiventral :  calyx  sometimes  petaloid.  Of  the  inner 
whorl  of  stamens  the  posterior  alone  bears  a  perfect  anther,  the 
other  two  being  transformed  into  a  usually  petaloid  body,  the 
labellum.  The  outer  whorl  of  stamens  is  absent,  or  but  slightly 
indicated,  in  the  Zingibereee  (Fig.  367  B);  but  is  represented  in 
the  Hedychieae  and  Globbeae  by  two  postero-lateral  petaloid 
staminodes  (Fig.  367  A).  There  is  a  small  amount  of  endosperm 
in  the  seed,  in  a  depression  in  the  perisperm. 

The  commoner  genera  are  Curcuma,  Hedychium  ;  Zingiber,  Alpinia  ;  Globba, 
having  a  unilocular  ovary  with  three  parietal  placentae. 

The  starch  wliich  is  prepared  from  the  rhizome  of  Curcuma  angustifoUa  and 
leucorrhiza  is  known  in  commerce  as  East  Indian  arrowroot :  Turmeric  is 
obtained  from  the  rhizome  of  C.  longa.  Cardamoms  are  the  fruits  of  Eletteria 
Gardamomum.  The  dried  rhizomes  of  Zingiber  officinale  are  the  common 
ginger. 

Order  3.  Marantacej;  or  Cannace.e.  iv3,  C3,  J.0  +  1  f  Ij  0,  or 
^  t  2,  0  +  1  t  2,  (t  ^.  Flower  asymmetric:  calyx  not  petaloid. 
The  androecium  is  represented  by  a  number  of  petaloid  bodies,  of 
which  one  only,  the  posterior  stamen  of  the  inner  whorl,  bears 
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a  bilocular  anther  (Fig.  368  st,  an)  ;  of  the  staminodia  one  is 
larger  than  the  others,  and  is  reflexed,  forming  a  lahellum  (Fig. 
368  /)  ;  the  narrow  ones  vary  in 
number  in  the  different  species 
(Fig.  368  a  and  /3)  :  seed  without 
endosperm  ;  seeds  numerous  in 
Canna,  single  in  each  loculus 
in  the  other  genera. 

Canna  indica  and  other  species  are 
commonly  grown  as  ornamental 
plants. 

Amylum  Marantae,  the  starchy  meal 
prepared  from  the  rhizome  of  Maranta 
arundinacea,  is  true  or  West  Indian 
arrowroot. 

Cohort  4.  Orchidales. 
Flower  irregular,  dorsi ventral, 
zygomorphic,  gynandrous  (see 
pp.  495,  518),  reduced  in  the 
androecium  :  perianth  petaloid. 
Seeds  very  small,  without  en- 
dosperm or  perisperm;  the 
embryo  a  minute  undifferen- 
tiated mass  of  cells. 

Order  1.  Orchidace.e.  The  flowers  of  most  of  the  genera  have 
the  formula  \  7i3,  C3,  ^l  +  f  2,  G-^/.  those  of  the  Cypripediina), 
however,  have  the  formula  >|<  K'd,  OS,  A  f  1  +  2,  G-(^^  (Fig.  369 
A,  B).  The  flower  is  generally  so  placed,  in  consequence  of 
torsion  of  the  ovary,  that  the  posterior  side  of  the  flower,  instead 
of  being  uppermost,  as  is  normally  the  case,  comes  to  lie  inferiorly 
(resupinate),  but  there  are  exceptions  (e.g.  Liparis,  Nigritella, 
Epipogium).  The  posterior  segment  (petal)  of  the  inner  whorl 
called  the  lahellum  (Fig  370,  see  also  Fig.  294  l\  is  always  larger 
than  the  others,  and  varies  greatly  in  form ;  it  frequently  has  a 
spur  (Fig.  370  sp)  or  a  sac-shaped  cavity  (Fig.  294).  The  an- 
droecium and  the  three  stigmata  are,  in  most  Orchids,  borne  on  a 
prolongation  of  the  floral  axis  the  gynostemium  (Fig.  294  s ;  Fig. 
372  1/ and  0  gs).  In  the  androecium  usually  three  stamens  are 
represented  :  in  the  monandrous  Orchids  there  is  a  fertile  an- 
terior stamen  belonging  to  the  outer  whorl  (Fig.  369,  A),  and 
often  two  starainodes,  which  are  sometimes  petaloid  {e.g.  Diaris) 


Fig.  368. — Flower  of  Canna,  indica  (nat. 
size) :/ inferior  ovary;  pa  the  outer;  jn  the 
inner  whorl  of  the  perianth  ;  g  style  ;  st  the 
fertile  stamen,  with  (an)  the  anther;  I  lahel- 
lum ;  a  and  )3  the  two  staminodia.  (After 
Eichler.) 
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or  small  tooth-like  prominences  (aurioulre,  stelidia)  on  the 
gjnostemium  (e.g.  Orchis,  Epipactis,  Fig.  294  cc),  belonging 
generally  to  the  inner  androecial  whorl,  but  sometimes  apparently 
to  the  outer:  in  the  diandrous  Orchids  (e.g.  Cypripedium,  Fig. 
369  B)  there  are,  generally,  two  fertile  stamens  belonging  to  the 
inner  whorl ;  the  outer  whorl  being  only  represented  by  an 
anterior  staminode.  The  anther  usually  has  four  pollen-sacs, 
but  may  have  two  (e.g.  Collabium)  or  eight  (e.g.  Calanthe,  Bletia). 
In  some  genera  the  pollen-grains  are  separate  from  each  other, 
in  the  majority  they  are  united  into  a  mass,  polUnium,  which  fills 
an  entire  pollen-sac  (Fig.  294  E,  F,  p).  The  pollinium  may  consist 
of  tetrads  wath  a  common  exine  (e.g.  Neottia) ;  or  of  larger  groups 
of  cells,  termed  massulce  (e.g.  Orchis),  w^hen  it  is  said  to  be  sedile; 
or  of    uniform   tissue.      In   those   Orchids    which    have  pollinia, 


Fig.  369.  —  Diagram     of     Orchidaceous  Fig.  370.— Flower  of  Orchis  mascula  ( x  2) : 

flowers,  neglecting  resupination.  A  The  /the  twisted  ovary;  a  a  a  the  three  outer 
usual  type.  B  Cypripedium  :  the  shaded  perianth-leaves  ;  i  i  two  of  the  inner,  I  the 
stamens  are  staminodia.  third  inner  perianth -leaf,  the  labellum,  with 

(sp)  the  spur  ;  n  stigma :  p  pollen- sacs. 

it  is  frequently  the  case  that  the  tissue  of  the  pollen-sac  is 
prolonged,  according  to  the  position  of  the  anther,  either  to  the 
lower  (hasitonous,  e.g.  Ophrydina?)  or  to  the  upper  end  of  the 
anther  (acrotonous,  e.g.  PhajiinsB,  Oncidiinse),  and  here  almost 
exclusively  gives  rise  to  a  mucilaginous  filament,  the  caudicle, 
attached  to  the  pollinium  (or  to  the  two  or  more  pollinia  of  each 
half  of  the  anther)  below  or  above. 

The  ovary  is  unilocular  (rarely  trilocular  as  in  some  Cypri- 
pediinee),  and  contains  numerous  anafcropous  ovules  on  three 
parietal  placentae.  In  all  the  monandrous  Orchids,  the  anterior 
lobe  of  the  trilobate  stigma  is  not  susceptible  of  pollination,  and 
is  either  rudimentary  or  developes  into  an  organ  termed  the 
rontellum  (Fig.  294  //),  which  is  situated  either  above  or  below 
the  anther,  and  in  the  tissue  of  which  one  or  two  small  masses 
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of  sticky  mucilage  (retinacula)  are  formed,  and  are  frequently 
enclosed  in  one  or  two  pouches  (bursiculce)  formed  by  the  rest  of 
the  tissue  of  the  rostellum.  The  pollinia  adhere  to  the  retinacula 
by  the  caudicle,  when  present,  and  are  removed,  in  pollination,  by 


Fig.  371. — Tubers  (^)of  Orchis  Morio  ;  B  of  Gymnadenia  Conopsea  :  s  the  peduncle  ;  1  this 
year's  tuber ;  2  next  year's  tuber ;  fc  the  bud ;  w  and  w'  roots  (nat.  size). 

the  adhesion  of  the  retinacula  to  the  proboscis  of  the  insect  (see 
p.  456). 

Most  of  the  indigenous  species  have  underground  rhizomes  or 
tubers.  In  the  latter  case,  two 
tubers  are  usually  present,  the  older 
one,  which,  at  the  time  of  flowering, 
becomes  flaccid  (Fig.  371  ^  and  B,  1), 
throws  up  the  flowering  scape  (5) 
or,  in  young  plants,  a  short  under- 
ground stem  which  produces  only 
leaves  above  ground.  At  the  upper 
end  of  this  tuber  another  much 
firmer  tuber  is  formed  (Fig.  371), 
bearing  at  its  apex  the  bud  of  the 
next  year's  stem  (K).  The  tuber  is 
to  be  regarded  as  a  lateral  bud 
which  coalesces  with  its  first  root 
(or  more  than  one,  Fig.  371  B)  and 
then  increases  in  bulk :  the  lower 
end  of  an  undivided  tuber,  as  well 
as  the  ends  of  palmate  tubers,  has, 
in  the  young  state  at  least,  the  same 
structure  as  the  apex  of  a  true  root. 


Fig.  372.— Flower  of  Cypripedium 
Cnlceolus  :  p  p  the  leaves  of  the  peri- 
anth have  been  cut  away.  A  Side 
view.  B  Back  view.  C  Front  view ; 
/  ovary ;  gs  gynostemium ;  a  o  the 
two  fertile  stamens ;  s  staminode  ;  n 
stigma.    (After  Sachs.) 
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The  genera  of  Orchidacese  are  so  numerous  and  so  diverse  that  it  is  impos- 
sible to  give  more  than  a  summary  of  those  which  are  British. 

DiANDR^  :  two  fertile  stamens,  belonging  to  the  inner  whorl :  all  three  lobes 
of  the  stigma  are  susceptible  of  pollination  :  pollen-grains  cohering  but  slightly. 

Fam.  1.  Cypripediince.  Cypripedium  Calceolus,  the  Lady's  Slipper,  now 
very  rare,  occurs  in  woods  in  the  north  of  England  :  it  has  a  creeping  rhizome 
and  broad  ovate  leaves  :  the  perianth  is  of  a  reddish-brown  colour,  except  the 
labellum  which  is  yellow  and  forms  a  shoe-like  sac  (Figs.  369,  372). 

Monandry  :  one  fertile  stamen,  the  anterior,  belonging  to  the  outer  whorl : 
only  the  two  lateral  lobes  of  the  stigma  are  susceptible  of  pollination  ;  the 
anterior  lobe  is  rudimentary,  or  is  developed  as  the  rostellum  :  pollen-grains 
coherent  into  pollinia. 

Fam.  2.  Ophrydince  :  anther  short  and  broad  ;  the  waxy  pollinia  are  basit- 
onous ;  a  rostellum,  forming  retinacula  to  which  the  caudicles  of  the  pollinia 
adhere. 

To  the  sub-family  Serapiadece,  which  is  characterised  by  the  short  gynos- 
temium  and  the  erect  anther,  belong  the  genera  Ophrys,  Orchis,  and  Aceras. 
In  Ophrys  there  are  two  distinct  bursiculae  and  retinacula,  and  the  pollinia 
remain  distinct :  the  flowers  resemble  insects  :  0.  apifera  the  Bee  Orchis,  O. 
aranifera  the  Sj)ider  Orchis,  and  0.  muscifera  the  Fly  Orchis,  occur  in  chalk 
pastures.  In  Orchis  there  is  but  one  bursicula,  but  there  are  two  retinacula,  so 
the  pollinia  may  be  removed  separately,  and  the  labellum  is  spurred  :  Orchis 
Morio,  mascula,  and  militaris,  hsLve  round  or  oval  tubers  ;  whilst  0.  latifolia, 
maculata,  and  pyramidalis  have  palmate  tubers.  In  Aceras  {Aceras  anthropo- 
phora  is  the  green  Man-Orchis)  the  3-lobed  lip  is  not  spurred,  and  there  is  but 
one  retinaculum. 

To  the  sub-family  Gymnadeniece,  characterised  by  the  absence  of  a  bursicula, 
and  consequently  bare  retinacula,  belong  the  British  genera  Gymnadenia, 
Habenaria,  Neotinea,  Herminium  (as  also  other  interesting  European  genera, 
such  as  ChamaBorchis  and  Nigritella).  In  Gymnadenia  {G.  Conopsea,  the 
fragrant  Orchis)  the  retinacula  are  contiguous  :  in  Habenaria  {H.  albida,  bifoHa, 
viridis,  Butterfly  Orchis)  the  retinacula  are  distant :  in  Neotinea  {N.  intacta) 
the  pink  perianth-segments  are  connivent :  whilst  in  the  preceding  genera  the 
labellum  is  spurred,  it  is  not  spurred  in  Herminium  {H.  Monorchism  the  green 
Musk  Orchis). 

Fam.  3.  Neottiince  :  pollinia  usually  soft  and  granular,  either  acrotonous  or 
altogether  without  caudicles. 

To  the  sub-family  Cephalantherece,  in  which  the  labellum  is  transversely 
segmented,  belong  the  genera  Cephalanthera,  Epipactis,  and  Epipogium. 
Cephalanthera  (C  grandifiora,  C.  ensifolia,  C.  rubra)  and  Epipactis  [E.  latifolia 
and  E.  palustris),  the  Helleborines,  are  rhizomatous  leafy  plants  with  well- 
developed  leaves  on  the  peduncles  :  the  labellum  is  not  spurred,  and  the  rostel- 
lum is  rudimentary.  Epipogium  Gmelini  is  a  saprophyte,  has  no  roots,  and 
its  leaves  are  scaly  and  not  green  ;  it  has  granular  pollinia  with  acrotonous 
caudicles,  a  rostellum  producing  a  retinaculum,  and  a  spurred  labellum ;  the 
flower  is  not  resupinate. 

To  the  sub-family  Spiranthece,  characterised  by  a  rostellum  as  long  as  the 
anther,  producing  a  retinaculum  to  which  the  granular  pollinia  (without  cau- 
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dicles)  adhere,  belong  the  genera  Spiranthes,  Listera,  and  Neottia.  Spiranthes, 
Lady's  Tresses  (S.  autumnalis,  astivalis,  and  getnmipara)  has  a  spike  unilateral 
by  torsion,  perianth-segments  connivent,  no  spur.  Listera,  Tvvay-blade  (L. 
cordata  and  ovata),  has  only  two  foliage-leaves,  and  spreading  perianth- 
segments,  no  spur.  Neottia  Nidus-Avis,  the  Bird's-nest  Orchid,  is  a  saprophyte, 
with  scaly  leaves  which  do  not  contain  chlorophyll ;  labellum  not  spurred. 

To  the  sub-family  Physurece,  characterised  by  the  structure  of  the  pollinium, 
which  is  sectile,  belongs  the  genus  Goodyera  (G.  repens)  in  which  the  labellum 
Las  no  spur,  and  the  pollinia  have  acrotonous  caudicles ;  the  inflorescence  is, 
like  that  of  Spiranthes,  a  unilateral  twisted  spike  ;  the  plant  is  rhizomatous. 

Fam.  4.  LiparidincB :  the  anther  produces  four  waxy  pollinia  without  cau- 
dicles. Liparis  {Sturmia)  Loeselii,  has  only  two  foliage-leaves  and  a  pseudo- 
bulb  ;  the  flower  is  not  resupinate  ;  there  are  two  retiiiacula,  to  each  of  which 
a  pair  of  pollinia  become  attached.  Malaxis  (iJ/.  paludosa,  Bog  Orchis)  has  a 
short  gynostemium  and  a  single  retinaculum;  reproduced  by  pseudo-bulbs. 
Corallorhiza  {G.  innata,  the  spurless  Coral-root)  is  a  saprophytic  plant,  without 
roots  or  foliage-leaves. 

There  are  many  other  families,  including  a  large  number  of  genera  which 
are  mainly  tropical  and  commonly  epiphytic  with  aerial  roots  (see  p.  155). 
Many  of  these  are  cultivated  in  hot-houses  such  as  Oncidium,  Vanda,  Dendro- 
bium,  Angraecum,  etc.  Vanilla  is  the  dried  fruit  of  Vanilla  planifolia,  a  climb- 
ing species. 

Though  pollination  is  usually  dependent  upon  the  visits  of  insects  (see  p. 
456),  self-pollination  is  by  no  means  uncommon.  For  instance,  among  British 
Orchids,  Ophrys  api/era  and  Neotinea  intacta  are  probably  always  self-pollinated, 
and  Neottia  Nidus- Avi'f,  Epipactis  ovalis  and  E.  latifolia,  are  frequently  self- 
pollinated,  simply  by  the  falling  of  the  pollen  on  to  the  stigma.  Gephalan- 
tliera  rubra  is  commonly  pollinated  whilst  in  the  bud,  by  the  germination  of 
the  polleu-grains,  the  pollen-tubes  making  their  way  to  the  stigma. 

Cohort  5.  Narcissales.  Flowers  regular  or  irregular:  not 
less  than  three  stamens  in  the  androecium  :  perianth  petaloid : 
seeds  with  oily  endosperm. 

Order  1.  Amaryllidace^.  KS,  C3,  ^3  +  3  or  12  to  18,  0^4,1 
The  flower  is  occasionally  zygomorphic  and  narrowly  funnel- 
shaped  :  anthers  usually  introrse.  The  fruit  is  usually  a  trilocular 
loculicidal  capsule,  sometimes  a  berry. 

.The  principal  of  the  numerous  genera  are  arranged  in  the  following  fami- 
lies :— 

Fam.  1.  AmaryUidoidece  :  subterranean  stem,  bulbous  :  scape  leafless,  bear- 
ing a  single  terminal  flower,  or  an  umbellate  indorescence,  invested  by  one  or 
more  bracts.  Amongst  the  genera  without  a  corona  (see  p.  515)  are  Amaryllis 
{A.  Belladonna,  the  Belladonna  Lily),  Vallota  {V.  purpurea,  the  Scarborough 
Lily)  with  zygomorphic  flowers ;  Zephyranthes,  Sternbergia,  Crinum,  Galanthus 
(G.  nivalis,  the  Snowdrop),  and  Leucojum  (L.  vcrnuni,  the  Spring  Snowflake  ; 
L.  te$tivum,  the  Summer  Snowflake)  with   actiuomorphic  flowers.    Amongst 
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the  genera  with  a  corona  are  the  many  species  of  Narcissus  N.  {Corbularia) 
Bidhocodium,  the  Hooped  Petticoat  Daffodil ;  N.  (Ajax)  Pseudo-narcissus,  the 
common  Daffodil ;  N.  (Queltia)  Jonquilla,  the  Jonquil,  and  N.  incomparahiUs 
the  Star  Daffodil ;  N.  poeticus,  the  Poet's  or  Pheasant's  Eye  Narcissus ;  N. 
Tazetta,  the  Cluster  Narcissus  :  also  the  genera  Pancratium  and  Eucharis. 

Fam.  2.  Apavoidea  :  stem  not  subterranean,  short  or  elongated  into  a 
trunk.  Here  belong  the  genera  Agave  (incl.  Bonapartea)  and  Fourcroya. 
Afiave  americana,  commonly  known  as  the  false  or  American  Aloe,  is  a  native 
of  Mexico  but  has  been  naturalised  in  Southern  Europe.  The  short  stem 
bears  a  rosette  of  large  thick  prickly  leaves  :  when  it  has  attained  sufficient 
vigour— in  Southern  Europe  in  from  10  to  20  years— it  throws  up  a  scape  20-30. 
feet  high,  which  branches  and  bears  a  large  number  of  flowers  in  a  pyramidal 
panicle. 

Fam.  3.     Hypo.xidoid'cs  :  subterranean  stem  a  rhizome,  bearing  a  terminal 
flowering-shoot.     Alstrcemeria,  the  Peruvian  Lily,  has  a  leafy  flowering-shoot 

and  the  habit  of  a  Lily. 
H  The   British   species   of    the 

Q^  order  are  the  common  Daffodil, 

the  Snowdrop,  and  the  Snow- 
flakes. 

Order  2.  Iridace^. 
IvS,  C3,  A3  +  0,  G^:.  The 
flower  is  sometimes  zygo- 
morphic :  stamens  some- 
tim.es  monadelphous  ;  the 
anthers  are  extrorse  :  the 
fruit  is  usually  a  trilocular 
loculicidal  capsule. 

Fam.  1.  Crocoide^  :  flowers 
actinomorphic,  terminal,  single, 
with  sometimes  other  axillary 
flowers,  each  invested  by  a 
spathe  :  stem,  a  corm. 

To  this  family  belong, 
amongst  others,  the  genera 
Crocus  and  Romulea.  Many 
species  of  Crocus  {e.g.  C.  aureus, 
bijlorus,  speciosus,  vermis,  etc.) 
are  cultivated  ;  C.  sativus  is  the 
Saffron  Crocus,  the  dried  stig- 
mata of  which  are  termed  Saf- 
fron :  the  only  indigenous 
British  species  is  C.  nudijiorus 

which   is   autumn-flowering.     Romulea  (Trichonema)   Columnae   occurs  in   the 

Channel  Islands. 


Fig.  373.— Diagram  of  the  flower  of  Iris,  and  view 
of  the  same  after  the  removal  of  the  perianth :  s 
peduncle ;  /  inferior  ovary ;  r  tubular  portion  of  the 
perianth ;  pa  the  insertion  of  the  outer,  in  of  the 
inner  leaves  of  the  perianth  ;  st  stamen  ;  a  anther ; 
nnn  the  three  petaloid  stigmata  (nat.  size). 
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Fam.  2.  iRiDioiDEiE  :  flowers  mostly  actinomorpbic,  forming  many-flowered 
inflorescences  of  various  form  with  spathes,  each  of  which  invests  more  than  one 
flower  :  stem  bulbous  or  rhizomatous. 

This  large  family  includes  several  sub-families,  of  which  the  following  are 
the  more  important : — 

Sub-fam.  Iridiiice  :  perianth-tube  short  or  absent ;  the  capsule  is  not  en- 
closed by  the  spatbe  ;  the  styles  are  petaloid,  with  the  stigma  on  the  under 
surface.  Iris,  the  Flag,  is  the  principal  genus.  The  species  of  this  very  large 
genus  may  be  divided  into  two  groups  based  upon  the  bulbous  or  the  rhizoma- 
tous character  of  the  stem.  The  most  familiar  of  the  bulbous  Irises  are,  I. 
xiphioidei  (or  Xiphion  latifoHum,  or  Iris  anglica)  the  so-called  English  Iris  ; 
I.  Xiphium  {Xiphion  vulgare)  the  Spanish  Iris  ;  I.  reticulata,  persica,  and  Histrio. 
The  rhizomatous  Irises  are  classified  according  to  the  presence  or  absence  of 
hairs  (beard)  on  the  perianth-segments  :  thus, — 

Sect.  Hexapogon  :  all  the  perianth-segments  bearded  along  the  upper  surface 
of  the  midrib  of  the  claw  :  e.g.  I.  longiscapa  and  falcifolia. 

Sect.  Pogoniris  :  only  the  three  outer  perianth-segments  bearded  on  the 
midrib  of  the  claw  ;  e.g.  I.  Jlorfntina,  gerinanica,  pallida,  pumila. 

Sect.  Oncocvclus :  the  three  outer  perianth-segments  bearded  on  both  claw 
and  limb :  e.g.  I.  susiana,  iberica. 

Sect.  Apogon  :  perianth-segments  beardless  :  e.g.  1.  graminea  and  siherica 
with  linear  leaves  ;  I.  Pseiidacorus,  ochroleuca,  foetidissima,  etc.,  with  ensiform 
leaves.     I.  Paeudacorus  (Yellow  Flag)  and  foetidissima  are  British. 

Sub-fam.  Tigridiiioi :  perianth-tube  absent;  styles  branched  with  an  apical 
stigma ;  the  inner  whorl  of  perianth-segments  is  smaller  than  the  outer ;  sta- 
mens monadelphous :  bulbous  plants.     Tigridia  Pavoida  is  the  Tiger  Flower. 

Sub-fam.  Sisyrinchinoi :  perianth-tube  short ;  styles  unbranched,  nearly 
cylindrical,  alternate  with  the  stamens  (not  opposite  as  in  Iris)  :  stamens  free, 
or  connate  at  the  base  :  rhizomatous  plants. 

Here  belong  the  genera  Libertia  (with  free  stamens)  and  Sisyrinchium 
(with  basally  connate  stamens),  having  actinomophic  flowers;  S.  {Berinudiaiia) 
august i folium,  Blue-eyed  Grass,  occurs  in  Galway. 

Sub-fam.  Aristince  :  perianth-tube  elongated  ;  capsule  enclosed  by  the  spathe  ; 
stamens  monadelphous  (Patersonia)  or  free  (Aristea) ;  generally  rhizomatous. 

Fam.  3.  Ixioide^  :  the  flowers,  which  are  frequently  zygomorphic,  are  each 
invested  by  a  spathe  :  stem,  usually  a  corm. 

In  the  sub-fam.  Ixiece,  the  zygomorphism  of  the  flower  is  but  slightly 
marked :  Schizostylis  is  rhizomatous,  whilst  the  other  genera  (Ixia,  Geisso- 
rhiza,  etc.)  are  bulbous. 

In  the  Gladiolae,  the  zygomorphism  of  the  flower  is  well-marked,  but  the 
flower  may  be  either  straight  and  erect  {e.g.  Tritonia,  Montbretia,  Sparaxis),  or 
curved  {e.g.  Gladiolus).  Gladiolus  illyricus  (communu),  the  lesser  Gladiolas 
or  Corn-Flag  occurs  iu  England. 

In  the  Watsonieoi  (Watsouia,  Lapeyrousia,  Freesia),  the  styles  are  2- 
branched. 


570  PART    III. — THE    CLASSIFICATION   OF    PLANTS. 

Class  X.— DICOTYLEDONES. 

The  ripe  seed  (Fig.  295)  may  be  albuminoas,  containing  a  mass 
of  endosperm  and  a  relatively  small  embryo,  as  in  the  Umbelliferce 
and  Euphorbiaceae  ;  but  sometimes  the  embryo  is  relatively  large 
and  the  endosperm  occupies  only  a  small  space,  as  in  the  Labiatoe : 
more  commonly  the  seed  is  exalbuminous,  the  endosperm  being 
wholly  absent,  and  then  the  embryo,  which  has  large  and  fleshy 
cotyledons,  fills  the  entire  cavity  of  the  testa,  as  in  the  Rosaceae, 
the  Leguminosas,  and  the  Compositse.  Perisperm  is  rarely  pre-" 
sent,  either  together  with  endosperm  (e.g.  some  Piperales  and 
ISTymphaeaceoB),  or  alone  (Chenopodiales). 

The  embryo  (see  p.  443)  usually  has  distinct  members,  consist- 
ing of  an  axis  and  two  opposite  cotyledons  ;  in  rare  cases,  e.g. 
Corydalis,  only  one  cotyledon  is  present,  or  abnormally  three  may 
occur,  as  is  occasionally  the  case  in  the  Oak,  the  Sycamore,  and 
the  Almond.  In  parasites  and  saprophytes  which  are  devoid  of 
chlorophyll  and  which  have  very  small  seeds,  such  as  Monotropa 
and  Orobanche,  the  embryo  is  quite  undifferentiated,  and  it  con- 
sists of  only  a  small  number  of  cells. 

The  axis  of  the  embryo  frequently  persists  as  the  main  axis  of 
the  plant  which  grows  in  length  and  produces  numerous  less 
vigorous  lateral  shoots  ;  but  it  often  happens  that  some  of  these 
lateral  branches  subsequently  grow  as  vigorously  as  the  main  axis  : 
when  this  is  the  case,  and  when  also  the  lower  and  feebler  shoots 
die  off,  a  head,  such  as  is  common  in  forest-trees,  is  the  result ;  in 
the  case  of  shrubs,  vigorous  branches  are  formed  quite  low  down 
on  the  main  stem.  The  branching  of  the  stem  is  almost  invariably 
axillary  and  lateral :  it  is  frequently  monopodial  (p.  40),  bat  in 
many  forest-trees  the  stem  (trunk)  and  branches  form  a  sympo- 
dium,  the  uppermost  lateral  bud  growing  each  year  in  the  direc- 
tion of  the  main  axis,  which  does  not  itself  develope  any  further. 

When  the  axis  of  the  embryo  continues  to  be  the  main  axis  of 
the  plant,  the  primary  root  also  developes  greatly,  and  forms  a 
tap-root  from  which  the  lateral  roots  grow  in  acropetal  succession  ; 
in  cases  in  which  the  growth  in  length  of  the  tap-root  is  limited, 
numerous  adventitious  roots  spring  from  its  older  portions ;  these 
may  again  give  rise  to  lateral  roots,  and  by  a  repetition  of  this 
process  an  elaborate  root-system  is  formed. 

The  stem  is  almost  always  monostelic  (see  p.  152).  The 
vascular  bundles  of  the  stem  are  almost  always  conjoint,  collateral, 
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and  open,  and  the  stem  grows  in  thickness  by  the  activity  of  the 
cambium-ring  which  is  formed  (p.  191). 

The  epiblenaa  of  the  root  is  (except  Nymphaeacea?)  the  per- 
sistent innermost  layer  of  the  original  many-layered  epidermis 
(see  p.  154).  When  the  stem  grows  in  thickness,  the  root  does 
so  also  (see  p.  191). 

The  leaves  exhibit  infinite  variety  both  in  their  relative  position 
and  in  their  form.     The  foliage-leaves  almost  always  consist  of 


Fig.  374.— Ficio  Faba,  the  Bean,  A  Seed  with  one  of 
the  cotyledons  removed;  c  the  remaining  cotyledon  ; 
to  radicle  ;  fcn  plumule ;  s  testa.  B  Germinating  seed  ; 
«  testa  ;  I  a  portion  of  the  testa  torn  away ;  n  hilum  ; 
st  petiole  of  one  of  the  cotyledons ;  fc  curved  epi- 
cotyl ;  he  the  very  short  hypocotyl ;  h  the  primary 
root;  ITS  its  apex;  fcn  bad  in  the  axil  of  one  of  the 
cotyledons. 


Fig.  375.— Seedling  of  theMaple 
(nat.  size)  :  c  c  the  cotyledons ;  fcn 
the  plumule ;  he  the  hypocotyl ; 
w  primary  root;  Ji  root  hairs 
(the  lower  part  is  cut  off;. 


petiole  and  blade ;  amplexicaul  leaf- bases  are  comparatively  rare, 
but  stipules,  on  the  contrary,  are  very  common.  Branching  or 
segmentation  of  the  leaves  is  common,  and  is  frequently  indicated 
by  the  incision  of  the  margin.  The  usually  reticulate  venation  of 
the  leaves  is  chai-acterized  by  the  presence  of  a  large  number  of 
veins  which  project  on  the  under  surface,  except  in  thick,  fleshy 
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leaves,  and  which   frequently   anastomose;    a   midrib    is    almost 
always  present,  giving  off  lateral  branches  to  right  and  left. 

The  flowers,  when  they  are  lateral,  are  usually  furnished  with 
two  prophylla  or  bracteoles  (see  p.  505)  :  they  differ  very  con- 
siderably  in  their  structure,  and  cannot  be  referred  to  any  one 
type.     The  following  are  the  principle  forms: 

1.  In  a  considerable  number  the  perianth,  which  is  simple,  and 
the  andrcecium  are  isomerous,  consisting  of  four,  five,  or  six 
members;  their  arrangement  is  either  spiral  (f),  or  whorled  so 
that  the  stamens  are  always  superposed  on  the  leaves  of  the 
perianth  ;  the  latter  are  all  similar  and  are  sepaloid.  Formula 
Fo  I  J.5,  or  Pn  +  n,  An  +  n,  where  n=  2  or  3.  This  structure 
prevails  in  some  of  the  Monochlamydese  (Urticales,  Amentales). 

2.  In  a  second  group,  all  the  parts  of  the  flower  are  arranged 
in  a  continuous  spiral,  the  stamens,  and  sometimes  the  carpels, 
being  generally  more  numerous  than  the  leaves  of  the  perianth  : 
the  perianth  may  consist  only  of  a  calyx,  or  a  corolla  may  be 
developed  in  place  of  the  external  stamens  ;  when  this  is  the  case 
the  corolla  alternates  with  the  calyx,  provided  that  it  is  isomerous 
with  it,  as  in  most  Ranales. 

3.  With  these  two  types  are  connected  by  many  intermediate 
forms  those  flowers  in  which  the  biseriate  perianth  and  the  stamens 
are  in  whorls :  their  formula  is  Kn,  Cn,  An  +  n,  where  n  usually 
=  5  or  4.  This  is  the  most  common  type  of  structure  of  the 
flower;  it  occurs  in  most  Polypetalae  and  Gamopetalee ;  it  may  be 
modified  either  by  the  suppression  of  one  (usually  the  inner) 
whorl  of  stamens,  or  by  their  multiplication,  their  branching,  or 
their  cohesion,  or  by  the  suppression  of  the  corolla. 

4.  Finally,  there  remain  certain  flowers  which  cannot  be  directly 
referred  to  any  one  of  the  above  types,  and  they  must  therefore 
be  left  unexplained  for  the  present,  and  the  relationships  of  their 
families  must  remain  uncertain. 

The  sub-divisions  in  which  the  Dicotyledons  are  arranged  in  the 
following  classification  are  especially  characterized  by  peculiarities 
in  the  structure  of  the  flower.  It  is  impossible,  however,  to  draw 
sharp  distinctions  between  the  sub-classes,  the  cohorts,  the  orders, 
and  sometimes  even  between  the  families,  for  the  position  of  a 
plant  in  the  system  depends,  not  upon  any  one  character,  but  upon 
the  aggregate  of  its  characters. 

The  principal  orders  of  Dicotyledons  may  be  arranged  as 
follows  : — 
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SUB-CLASS  I.     MONOCHLAMYDE^. 


( 


Cohort  I. 

Pi 

perales. 

Order  1. 

PlPERACE^. 

)» 

2. 

Chloranthace^. 

»» 

3. 

Saururace^. 

Cohort  11. 

Urticales. 

Order  1. 

Urticace^. 

)j 

2. 

Horaces. 

ii 

3. 

Cannabinacej:. 

>» 

4. 

Ulmace.e. 

Cohort  III.  Amentales. 

Order  1. 

Betulacej:. 

j» 

2. 

CORYLACE^. 

)5 

3. 

Fagacej;. 

55 

4. 

JUGLANDACE^. 

55 

5. 

Myricace^. 

?5 

6. 

Casuarinace^. 

55 

7. 

Salicace^. 

Cohort  IV.  Proteales. 

Order  1.  Proteace.e. 
Cohort  V.  Chenopodlales. 
Order  1.  Chenopodiace.*;. 
„      2.  Amarantacej:. 
„      3.  Phytolaccacej:. 
„      4.  Nyctaginace^. 
Cohort  VI.  Asarales. 

Order  1.  Aristolochiacej*]. 

„        2.    CYTmACE.E. 

Cohort  VII.  Santalales. 
Order  1.  Santalacej:. 
„      2.  Loranthace^. 

3.    BALANOPHORACEiE. 


SUB-CLASS  II.     POLYPETAL^. 
SEKIES  I.     THALAMIFLOR^. 


Cohort  I.  Ranales. 

Order  I.  Ranunculacej). 
,,      2.  Magnoliace^. 

„        3.    CALYCANTHACEiE. 

„      4.  Nymph^acej*:. 
Cohort  II.  Menispermales. 
Order  1.  Menispermace^. 
Berberidace^. 
Laorace^. 
Myristicace^. 

POLYGONACEiE. 

C  E  rato  phyllace  j:. 
Cohort  III.  Caryophyllales. 
Order  1.  Caryophyllace.e. 
„      2.  Portulace^. 

„        3.    AlZOACE^. 

Cohort  IV.  Parietales. 
Order  1.  PAPAVERACEiE. 
„      2.  Fumariacej:. 

3.    CRUCIFERJi:. 


Order  4.  Capparidace^. 
„      5.  R-esedace^. 

„  6.  ClSTACE^. 
„  7.  BlXACE^. 
„        8.    ViOLACE.'E. 

Cohort  V.  Sarraceniales. 

„      1.  Sarraceniacej:. 

„      2.  Nepenthacej?:. 

„  3.  Droserace^. 
Cohort  VI.  Guttiferales. 
Order  1.  Hypericacea'. 

„      2.  Tamaricacf^. 

.       „        3.    ELATINACEiE. 

„      4.  Ternstr(emiacej!]. 

„      5.  Clusiacej:. 

„      6.  Dipterocarpace^. 

Cohort  VII.  Malvales. 

Order  I.  Tiliacejj:. 

„      2.  Sterculiacej:. 

3.  Malvacejk. 
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SEEIES  II.     DISCIFLOK^. 


Cohort  I. 

Geraniales. 

Cohort  III 

.  Celastrales. 

Order  1.  GERANiACEiE. 

Order  ].  Celastrace^. 

?) 

2.    LiNACEiE. 

55 

2.  StaphyleacetE. 

)? 

3.  Erythroxylace^. 

55 

3.  Aquifoliace^. 

55 

4    OXALIDACE^. 

55 

4.  Thymeleace^. 

55 

5.  Balsaminacej;. 

55 

5.  El^agnace^. 

55 

6.    TROPiEOLACE^. 

55 

6.  Rhamnace^. 

55 

7.  Zygophyllacejs. 

55 

7.  Ampelidacej]. 

55 

8.    RUTACEJ]. 

Cohort  IV.  Euphorbiales. 

55 

9.  Meliace^. 

Order  1.  Euphorbiace.«. 

55 

10.    SiMARUBACEiE. 

55 

2.    BUXACE^. 

55 

11.    BURSERACEJ;. 

55 

3.  Empetrace^. 

Cohort  11 

;.  Sapindales. 

55 

4.  Callitrichace^. 

Order  1.  Sapindace^e. 

5> 

2.    AcERACEiE. 

55 
55 

3.  Polygalace^. 

4.  ANACARDIACKiE. 

SERIES  III.     CALYCIFLOR^. 


Cohort  I.  Umbellales. 

Cohort  IV.  Resales. 

Order  1.  Umbelliferj:. 

Order  I.  Rosacea. 

,,      2.  Araliacej;. 

„      2.  LeguminostE. 

„        3.    CORNACEJi. 

„      3.  Platanace.e. 

Cohort  II.  Passiflorales. 

Cohort  V.  Saxifragales. 

Order  1.  PASSiFLORACEiE. 

Order  1.  Saxifragace^. 

„      2.  Papayacej:. 

„      2.  Crassulaceje. 

„        3.    BEGONIACEiE. 

,,      3.  Cephalotace^. 

„        4.    CUCURBITACE^. 

„        4.    PlTTOSPORACE^. 

„        5.    CACTACEiE. 

„      5.  Hamamelidace^, 

Cohort  III.  Myrtales. 

„        6.    PODOSTEMACEJi. 

Order  I.  Onagrace^. 

„        2.    HALORAGIDACEiE. 

„         3.    LyTHRACEvE. 

„      4.  MyrtacevE. 

,,        5.    RHIZOPHOUACEiE. 
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SUB-CLASS  III.     GAMOPETAL^. 
SERIES  I.    HYPOGYNiE. 


Cohort  I.  Lamiales. 
Order  1.  Labiatj;. 
„      2.  Verbenace^e. 
„      3.  Globulakiacej;. 
€ohort  II.  Personales. 

Order  I.  Scrophularace^. 
„      2.  Plantag[nace^. 

„        8.    BlGNONlACE^. 

„      4.  acanthace^. 
„      5,  Gesnerace^. 
„      6.  Orobanchace^. 
,,      7.  Lentibulartacej;. 
Cohort  III.  Polemoniales. 
Order  1.  Convolvulace^. 

„        2.    POLEMONIACEiE. 

„      3.  Solanace^. 
„      4.  Boraginace^. 


Cohort  IV.  Gentianales. 
Order  1.  Gentianaci:^. 

„         2.    LOGANIACE^. 
„        3.    APOCYNACEiE. 

„      4.  asclepiadaceji. 
„      5.  Oleacej:. 
Cohort  V.  Ebenales. 
Order  I.   SAPOTACEiE. 
„      2.  Ebenacej}. 
„      3.  Styrace^e. 
Cohort  VI.  Primulales. 
Order  I.  Primulace^. 
„      2.  Myrsinacej:. 
„      3.  Plumbaginace^e. 
Cohort  VII.  Ericales. 
Order  1.  Ericace^. 
„      2.  Epacridaceje. 
„     .3.  Diapensiacej:. 
„      4.  Pyrolace^. 
5.  Vacciniace^. 


SERIES  II. 

Cohort  I.  Campanales. 
Order  1.  Campanulacej:. 

„        2.    LOBELIACEiE. 

Cohort  II.  Rubiales. 
Order  I.  Rubiace^. 

2.  Caprifoliace^. 


EPIGYN.E. 

Cohort  III.  Asterales. 

Order  1.  Valerianace-s:. 
„      2.  Dipsacej}. 
„      3.  Composure. 


SUB-CLASS  I.    MONOCHLAMYDE^. 

The  flowers  have  a  simple,  usually  sepaloid,  perianth,  or  it  may 
be  absent ;  they  are  commonly  monosporangiate. 

It  must  not  be  assumed  that  all  Dicotyledons  with  apetalous  flowers  belong 
to  this  sub-class :  on  the  contrary,  many  such  plants  must,  in  view  of  the 
aggregate  of  their  characters,  be  placed  in  the  other  sub-classes.  The  plants 
included  here  are  such  as  have  flowers  the  perianth  of  which  appears  to  be 
primitively  simple,  and  not  such  as  have  flowers  the  perianth  of  which  seems 
to  Lave  become  simple  by  suppression  (see  p.  506). 

V.  S.  li.  p  p 
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Cohort  I.  Piperales.  The  flowers  are  usually  ambisporangiate, 
and  they  are  arranged  in  a  spike  or  a  spadix,  with  bracts  ;  perianth 
usually  absent.  Ovary  usually  superior,  monomerous  or  trimerous, 
unilocular.  Ovule  orthotropous,  solitary,  basal  or  suspended ;  in 
some  cases  there  are  several  parietal  ovules.  The  embryo  is  small 
and  lies  imbedded  in  endosperm,  usually  in  a  depression  of  the 
abundant  perisperm  (Fig.  295  B,  p.  458). 

Order  1.  Piperace^.  Ovary  superior,  usually  trimerous  or 
monomerous,  unilocular,  with  a  single  orthotropous,  erect,  central 
ovule.  The  inflorescence  is  a  long  spadix,- 
with  usually  peltate  subtending  bracts 
(Fig.  376/,  below),  in  the  axils  of  which 
the  flowers  are  situated.  The  flower  con- 
sists only  of  a  ovary  (Fig.  376  /,  above) 
and  generally  six,  three,  or  sometimes  two 
stamens  ;  the  fruit  is  a  berry. 

riper  nigrum  is  a  climbing  shrub  belonging  to 
the  East  Indies  ;  the  unripe  dried  fruits  are  black 
pepper ;  white  pepper  consists  of  the  ripe  fruits 
of  the  same  plant,  which,  after  maceration,  are 
freed  from  their  outer  coat.  Cubebs  are  the  fruits 
of  Piper  Cubeba  of  Java. 


Fig.  376.— Part  of  the  spa- 
dix of  Peperomia,  -with  a 
flower :  /  (below)  the  sub- 
tendingr  bract  ;  s  s  the  two 
stamens  ;  /  (above)  ovary ;  fc 
surface  of  the  spadix  (mag.). 


Order  2.  CHLORANTHACEiE.  Flowers 
sometimes  with  a  rudimentary  perianth.  Ovary  inferior,  mono- 
merous, with  a  single  suspended  ovule.  Seed  with  oily  endosperm, 
but  no  perisperm.     Tropical  or  sub-tropical. 

Order  3.  Saurdrace^.  Flowers  without  perianth.  Gynoeceum 
of  three  or  four  carpels,  either  apocarpous  or  syncarpous  :  in  the 
former  case  each  ovary  bears  2-4  orthotropous  ovules  on  its  ventral 
suture  (marginal  placentation)  ;  in  the  latter  case  the  unilocular 
ovary  bears  6-10  ovules  on  each  parietal  placenta ;  ovary  superior. 
Seed  as  in  Piperacese.  Herbs  with  a  rhizome,  belonging  to  North 
America  and  Eastern  Asia. 

Houttuynia  cor  data  (see  p.  48)  is  a  common  weed  in  Japan  and  China. 

Cohort  II.  Urticales.  Flowers  usually  diclinous,  in  inflor- 
escences of  various  forms  :  perianth  usually  present,  simple, 
sepaloid,  consisting  typically  of  five  (f)  or  reduced  to  four  (2  +  2) 
segments ;  stamens  equal  in  number  and  opposite  to  the  segments 
of  the  perianth,  in  consequence,  apparently,  of  the  essentially 
spiral   arrangement    of    the    floral    organs    (see   p.  497)  ;    ovary 
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superior,   monomerous,  -unilocular,  or   sometimes   dimerous,  with 
two  styles,  and  then  rarely  bilocular :  ovule  solitary,  in  different 
positions.      Seed   commonly   containing  endosperm.     The   inflor- 
escences in  orders  1-3  are  usually  situated 
two  together  at  the  base  of  a  leafy  dwarf- 
shoot  which   springs   from  the  axil  of  a 
leaf,  and  they  are  cymose  (Fig.  377).    The 
leaves  are  generally  hirsute.     Cystoliths 
(p.  108)  are  commonly  present. 

Order  1.  Urticace.e.  Ovary  monomer- 
ous :  ovule  central,  orthotropous,  erect. 
Seed  containing  endosperm.  They  are 
mostly  herbs  or  shrubs  without  milky 
juice  and  frequently  provided  with  sting- 
ing-hairs :  leaves  alternate,  stipulate. 
Flowers  polygamous,  monoecious,  or  dioe- 
cious, in  paniculate  or  glomerulate  inflor- 
escences. 


Fig.  377.— Part  of  the  stem 
of  Urtica  uvens,  with  a  leaf  (/) 
in  the  axil  of  which  is  the 
branch  (m),  at  the  base  of 
which  are  the  inflorescences 
(b),  without  any  bracts  (nat. 
size). 


Urtica  urens  and  dioica  (Stinging  Nettles)  are  known  by  the  stinging  hairs 
which  are  distributed  over  their  whole  surface  :  perianth  2  +  2  ;  the  two  outer 
segments  of  the  perianth  of  the  ?  flower  are  larger  than  the  inner  segments 
(Fig.  378  B).  In  the  former  species  the  $  and  ?  flowers  are  contained  iu 
the  same  panicle,  and  the  floral  axis  is  but  feebly  developed;  in  the  latter 
they  are  on  different  plants,  and  the  axis  is  well  developed  and  bears  leaves. 
Bohmeria  nivea,  a  native  of  China  and  Japan,  has  strong  bast-fibres  used  for 
weaving  the  material  known  in  England  as  Grass-cloth.  Parietaria  officinalis^ 
Wall-Pellitory,  having  polygamous  flowers  with  a  gamophyllous  perianth,  and 
destitute  of  stinging-hairs,  occurs  occasionally  on  walls,  by  roadsides,  etc. 

Order  2.  Horaces.  Ovary  gener- 
ally dimerous,  and  sometimes  bilocu- 
lar (Artocarpus)  :  ovule  suspended, 
anatropous  or  campylotropous,  more 
rarely  basal  and  orthotropous  :  seed 
with  or  without  endosperm ;  the  fruit 
is  enveloped  by  the  perianth  (usually 
2  +  2),  which  becomes  fleshy,  or  by  a 
fleshy  floral  axis.  Trees  and  shrubs 
with  milky  juice,  scattered  leaves  and 
caducous  stipules. 

Moms  alha  &n(i  uifjra  (SLxxXheixy)  come  from  Asia;  the  flowers  are  disposed 
in  short  catkins  ;  the  catkins  are  borne  singly  on  shoots,  which,  at  the  time  of 


Fig.  378.— .4  staminal  $  ;  B  c«r- 
pellary  9  flowers  of  the  Stinging 
Nettle,  Urtica  :  j)  perianth  ;  u 
stamen  ;  n'  rudimentary  ovary  of 
the  (J  flower;  aji  outer;  ip  inner 
whorl  of  the  perianth  ;  n  stigma  of 
the  ?  flower  (mag). 
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flowering,  are  still  buds,  and  they  contain  monosporangiate,  but  monoecious, 
flowers ;  the  $  flowers  give  rise,  as  ripening  takes  place,  to  a  spurious  fruit 
(sorosis,  p.  528),  consisting  of  spurious  drupes  formed  by  the  perianths.  The 
leaves,  particularly  of  the  former  species,  are  the  food  of  the  silkworm.  Browt- 
sonetia  papyrifera  (Paper  Mulberry)  has  flowers  like  the  preceding,  but  they  are 
dioecious :  the  bark  is  made  into  paper  in  China 
and  Japan.  Madura  tinctoria,  in  Central  America, 
yields  Fustic,  a  dye.  Ficus  Carica  is  the  Fig-tree  of 
Southern  Europe  ;  the  fig  itself  (termed  a  syconus) 
is  the  deeply  concave  axis  of  the  inflorescence,  on  the 
inner  surface  of  which  the  flowers  and  subsequently 
the  fruits,  in  the  form  of  hard  grains  (achenes),  are" 
borne  (Fig.  379  m/)  ;  the  cavity  is  closed  above  by 
small  bracts  (Fig.  379  h).  Ficus  elastica  is  the  India- 
rubber  tree ;  it  is  frequently  cultivated  in  rooms. 
F.  reJigiosa  and  other  East  Indian  species  yield 
Caoutchouc,  which  is  their  inspissated  milky  juice 
(latex).  Ficus  indica  is  the  Banyan.  Artocarpns 
incisa  is  the  Bread-fruit  tree  of  the  South  Sea  Islands ; 
the  large  spurious  fruit  (sorosis)  of  this  tree  is  roasted 
and  eaten  as  bread.  Galactcdend'on  utile,  the  Cow- 
tree  of  Columbia,  has  a  nutritious  latex,  while  that  of  Antiaris  toxicaria  (Java) 
is  poisonous. 


{■"iG  379.— Longitudinal 
section  of  a  Fig  (nat.  size) : 
a  a  fleshy  axis  of  the  in- 
florescence ;  /  ?,  m  6, 
flowers :  b  bracts. 


Order  3.  Cannabinace^.  Ovary  dimerous,  unilocular  :  ovule 
suspended,  campylotropous  :  seed  with  endosperm.  Flowers 
dioecious  :  the  (^  flowers  (Fig.  380  A)  have  a  5-partite  perianth 
and  5  short  stamens ;  the  $  flowers  have  a  tubular  entire  perianth 
(Fig.  380  B,  p)  enclosed  in  a  bract  (Fig.  380  B,  d).     Herbs  with 

decussate  leaves  —  at  least  the 
lower  ones — and  persistent  stip- 
ules ;  devoid  of  latex. 

Cannabis  sativa,  the  Hemp,  a  native 
of  Asia,  is  cultivated  throughout  Europe. 
The  S  inflorescences  are  panicled  di- 
chasia  or  scorpioid  cymes,  and  are  dis- 
posed on  both  sides  of  a  rudimentary 
shoot  at  the  apex  of  the  plant ;  the  ? 
flowers  are  placed  singly  on  both  sides  of 
a  similar  shoot,  which  bears  secondary 
shoots  in  the  axils  of  its  leaves,  each 
having  two  flowers.  The  tough  bast- 
fibres  are  used  in  weaving  and  for  ropes ; 
the  seeds  contain  a  great  deal  of  oil. 
cultivated  and  found  wild.  The  stem, 
the  right,  bears  its  leaves  in  pairs ;  each 


Fig.  380.—^  <?  flower  of  the  Hop  :  p 
the  perianth ;  a  stamens.  B  Part  of  $ 
inflorescence :  p  perianth  ;  /  ovary,  with 
two  stigmata  (n)  ;  each  flower  is  enclosed 
in  its  bracteole  (d) ;  s  scale,  i.e.  one  of  the 
two  stipiiles,  from  the  common  axil  of 
which  the  branch  bearing  the  flowers 
springs. 

Hnviuhis  Lupulns,  the  Hop,  is  both 
which  has  the  peculiarity  of  twining  to 
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leaf  has  a  pair  of  membranous  stipules.  In  the  inflorescence  the  leaves  (bracts) 
are  placed  singly,  and  are  finally  represented  only  by  their  stipules.  In  the  ? 
inflorescence,  which  somewhat  resembles  a  fir-cone,  a  rudimentary  shoot  is 
present  in  the  common  axil  of  each  pair  of  stipules,  and  bears  two  flowers 
on  each  side  ;  it  seems  at  first  sight  as  if  two  flowers  were  developed  in  the  axil 
of  each  stipule  (Fig.  380  B).  All  the  scales  and  bracts  are  covered,  especially  on 
the  upper  surface,  with  numerous  yellow  glands.  In  the  ^  inflorescence  the 
shoot  which  bears  the  flowers  is  well  developed. 

Order  4.  Ulmacej;.  Ovary  dimerous,  sometimes  bilocular,  but 
generally  unilocular  by  abortion.  Ovule  suspended  and  solitary. 
Flowers  mostly  ambisporangiate,  witb  a  4-6-partite  perianth 
(Fig.  381  A).  Woody  plants  devoid  of  milky  juice  :  leaves  alter- 
nate, with  caducous  stipules.  The  inflorescences  (glomerules)  are 
borne  directly  in  the  axils  of  the  leaves. 

In  the  genus  Ulmus  the  compact  dichasial  inflorescences  are  developed  in  the 
axils  of  the  leaves  (either  persistent  or  deciduous),  of  the  previous  year,  and 
they  are  invested  by  bud-scales ;  one  or  more 
flowers  are  developed  in  the  axil  of  each  of  the 
more  internal  scales  (bracts),  and  they  open  before 
the  unfolding  of  the  leaves.  The  ovary  is  some- 
times bilocular.  The  fruit  is  a  samara,  that  is, 
an  achene  with  a  broad  membranous  wing  (Fig. 
381  B).     The  leaves   are  alternate,   and   always 

oblique.      The  annual  shoots    have  no  terminal  „         „„,      ,     „. 

,     /       ,         .        ^  T  m  .  ^^"-     381.-X     Flower    of 

bud,  and  so  they  form  a  sympodmm.    Two  species       u^,^,.,   .^.^t,,^^    (.^^^.j ,    ^ 

of  Elm  are  indigenous  in  England.     Ulmus  cam-       bract ;  j»  perianth ;  a  stamens. 

pestris,  the  common   Elm,  and    Ulmus  montana,       B  Fruit  (samara)  (nat.  size) : 

the  broad-leaved  Wych,  or  Scotch,  or  Mountain       '"  .     "membranous      margin 

Elm :    the  former  has  rather   slender  branches, 

leaves  with  distinct  petioles  and  crenate  serrate  margins,  somewhat  narrow  at 

the  base,  and  a  seed  which  is  above  the  centre  of  the  samara  ;  the  latter  has  thick 

horizontally-spreading  branches,  leaves  with  very  short   petioles  and  doubly 

serrate  margins,  broad  at  the  base,  and  a  seed  which  is  cetjtral  in  the  samara. 

Celtis  auKtralis,  from  Southern  Europe  and  C.  occidentalism  from  North  America, 

are  often  cultivated  as  ornamental  trees ;  their  flowers  are  polygamous,  and 

are  placed  singly  or  several  together  in  the  axils  of  the  oblique  accuminate 

leaves  :  the  fruit  is  drupaceous. 

Cohort  III.  Amentales.  The  flowers,  which  are  always  dicli- 
nous and  generally  moncocious,  are  arranged  in  catkins  (amenta). 
The  perianth,  when  it  is  present,  consists  typically  of  5  (|) 
segments  ;  or  it  may  deviate  from  the  type  so  as  to  consist  of  four, 
(i.e.  2-1-2),  or  six  (i.e.  3 -f- 3)  segments  :  the  stamens,  when  their 
position  can  be  determined,  are  superposed  on  the  segments  of  the 
perianth  for  the  reason  given  in  the  case  of  the  Urticales  (see  p.  576). 
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The  OTarj  is  either  superior  or  inferior,  di-  or  tri-merous,  with  few 
ovules.  The  fruit  (with  the  exception  of  Order  7,  the  Salicaceae) 
becomes  by  abortion  one-seeded,  and  is  indehiscent :  the  seed  has 
no  endosperm.  The  flowers  are  furnished  with  bracts  which  often 
form  investments  for  the  fruit  :  their  arrangement  in  most  of  the 
orders  is  as  follows  ;  in  the  axil  of  a  scaly  bract  (the  bracts  being 
arranged  spirally  in  the  amentum)  is  a  flower  (&)  with  two 
bracteoles  a  and  (B,  in  the  axil  of  each  of  which  is  another  flower 
with  two  more  bracteoles  a'  and  p  (Fig.  382).  The  plants  are 
trees  and  shrubs. 

Order  1.  Betulacej:.  The  flowers  are  monoecious,  but  in  dif- 
ferent catkins.  The  ?  flowers  have  no  perianth :  the  ovary  is 
bilocular,  with  two  ovules  :  the  fruit   is   one-seeded,  indehiscent, 


(: 
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Fig.  382.— Typical  diagram  of 
a  group  of  flowers  in  the  Amen- 
tales :  d  bract  ;  h  the  median 
flower  with  its  bracteoles,  a  and 
/3 ;  b'b"  the  two  lateral  flowers, 
with  their  bracteoles  a'  and  j3'. 


Fig.  383.—^  Scale  from  a  <J  catkin  of 
Alnus  incana:  the  axillary  branch  adheres 
to  the  scale  (s),  it  bears  four  bracteoles  and 
three  flowers :  two  of  the  flowers  are  seen 
laterally  (b'  h'),  the  median  one  from  above  ; 
p  perianth ;  a  stamens.  B  Bract  (s)  of  a  ? 
catkin  of  the  same  plant  :  its  axillary  branch 
bears  two  lateral  branches,  each  of  which 
bears  two  bracteoles  (u  v)  and  one  flower ;  / 
the  ovary;  n  the  stigmata  (magnified  and 
diagrammatic). 

without  any  investment :  the  bract  is  coherent  with  the  two  or  four 
bracteoles  (the  bracteoles  a'  are  always  absent)  to  form  a  three- 
or  five-lobed  scale,  which  does  not  adhere  to  the  fruit. 

Alnus,  the  Alder.  In  the  <J  amenta  three  flowers  with  four  bracteoles 
(a,  /3,  /3',  ^')  occur  in  the  axil  of  the  bract,  each  flower  having  a  perianth  of 
four  segments,  and  four  unbrancbed  stamens.  In  the  ?  amenta  the  median 
flower  is  absent ;  the  four  bracteoles  coalesce  with  the  primary  bract  (Fig.  383  B, 
V  «)  to  form  a  five-lobed  woody  scale  which  persists  after  the  fall  of  the  fruit 
■which  is  not  winged.  The  $  catkins  are  borne  terminally,  and  the  ?  laterally 
on  the  highest  lateral  branch,  on  tl  e  shoots  of  the  previous  year;  they  are  not 
enclosed  by  bud-scales  during  the  winter,  and  blossoming  takes  place  before 
the  unfolding  of  the  leaves.  The  leaves  have  usually  a  J  arrangement :  in 
A.  incana^  the  White  Alder,  the  leaves  are  acumii  ate  and  gray  on  the  under 
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surface ;  in  A.  glutinona,  the  black  or  common  Alder,  tliey  are  obovate  or  even 
emarginate,  and  green  on  both  surfaces.  In  Alnut  viridis,  the  mountain  Alder, 
only  the  ^  catkins  are  destitute  of  bud-scales  in  the  winter :  the  fruit  is  winged. 
Betula,  the  Birch.  In  both  kinds  of  catkins  the  three  flowers  have  only  the 
bracteoles  a  and  j3.  In  the  <J  flowers  the  perianth  is  usually  incomplete,  and 
there  are  only  two  stamens,  the  filaments  of  which  are  forked.  In  the  $ 
catkins,  the  two  bracteoles  cohere  with  the  bract  to  form  a  three-lobed  scale 
which  falls  off  together  with  the  winged  fruit.  The  ^  catkins  are  borne  ter- 
minally on  the  shoots  of  the  previous  year,  and  are  not  covered  with  bud- scales 
during  the  winter ;  the  9  catkins  are  borne  terminally  on  lateral  dwarf-shoots 
which  have  only  a  few  leaves,  and  they  are  enclosed  by  bud- scales  during  the 
winter ;  as  a  consequence,  flowering  takes  place  after  the  unfolding  of  the 
leaves.  The  shoots  of  successive  years  form  sympodia,  ani  the  leaves  are 
arranged  spirally.  D.  verrucosa  has  white  glands  on  the  leaves  and  young 
shoots  :  B.  pubescens  has  no  glands,  but  the  shoots  are  hairy  ;  it  is  a  northern 
form  :  B.  fruticom  and  B.  nana  are  shruba  occurring  in  high  latitudes  :  B.  aiha 
is  the  common  Birch. 


Order  2.  Corylacej:.  Flovv^ers 
monoecious,  in  (^  and  $  catkins. 
The  c?  flowers  have  no  perianth  ; 
that  of  the  $  flower  is  rudi- 
mentary. The  inferior  ovary  is 
bilocular;  one  loculus  is  sterile, 
the  other  contains  two  sus- 
pended anatropous  ovules :  the 
fruit  is  one  seeded  and  indehis- 
cent  (a  nut).  Two  flowers  are 
borne  in  the  axil  of  the  bract  of 
the  ?  catkin,  the  median  flower 
being  absent.  The  one-seeded 
fruit  is  surrounded  by  a  leafy 
investment  (cupule)  formed  by 
the  three  bracteoles  (a  a^jS^  and 
fia^  /?^  respectively.  Fig.  382)  of  each  side.  In  the  (^  catkin  the 
median  flower  only  is  developed  :  the  filaments  of  the  stamens  are 
deeply  forked. 


Fig.  38i.— ^Iuu8  glulinosa.  A  Branch 
bearing  catkins  (in  winter).  B  a  group  of 
<J  flow- era  (from  above).  C  The  same  after 
removal  of  flowers  (lateral  view).  E  Group 
of  9  flowers,  seen  from  within.  F  The 
same  after  the  removal  of  the  flowers.  O 
a  scale  from  the  ?  catkin  :  h  bract ;  a,  /3,  /3' 
bracteoles. 


In  Corylus,  the  Hazel,  the  ?  catkin  resembles  a  bud,  since  the  ejcternal 
sterile  bracts  have  the  same  f-tracture  as  the  bud-scales  (Fig.  385  B) ;  the  red 
stigmata  project  at  the  top ;  the  investment  of  the  fruit  is  irregularly  cut ;  a 
small  projection  is  formed  on  the  fruit,  the  nut,  by  the  remains  of  the  epigynous 
perianth.  Each  bract  of  the  <J  amentum  bears  two  bracteoles  a  and  /3,  and  a 
flower  consisting  of  four  forked  stamens  (Figs.  385-C).  Both  kinds  of  amenta 
are  placed  in  the  axils  of  the  leaves  of  the  previous  year,  and  are  not  enclosec^ 
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by  scales  during  the  winter  ;  hence  flowering  takes  place  before  the  unfolding 
of  the  leaves.  Leaves  distichous.  C.  Avellana  is  the  common  Hazel ;  a 
variety  of  C.  tuhulosa,  with  red  leaves,  the  Purple  or  Blood  Hazel,  is  cultivated 
as  an  ornamental  shrub. 

In  Carpinus,  the  Hornbeam,  the  fruit  has  a  three-lobed  eupule  (Fig.  387), 
the  fruit  is  ribbed  and  is  surmounted  by  the  perianth.  The  bract  of  the  <? 
catkin  bears  4-10  deeply  forked  stamens  ;  there  are  no  bracteoles.  The  catkins 
of  both  kinds  are  borne  at  the  apex  of  short  leafy  shoots  of  the  same  year, 
hence  flowering  takes  place  after  the  unfolding  of  the  leaves.  Leaves  distichous. 
The  annual  shoots  form  sympodia.  G.  Betuhis  has  an  irregular  stem  and 
serrate  leaves  which  are  plicate  along  the  lateral  veins.  In  Ostrya  (Southern 
Europe)  the  investment  of  the  fruit  is  an  open  tube. 


Fig.  386.— Corylws  Avclla-na.  A 
Flowering  branch.  JB  (J  flower 
with  its  bract.  C  Bract  after  the 
removal  of  the  anthers.  F  Group 
of  $  flowers  seen  from  within  .- 
b  bract. 


Fro.  3S5.— Coi-ylus  Avtllaua.  A  Bract  (s)  of  a 
(?  catkin,  with  a  S  flower:  stamens  (/),  and 
anthers  (a).  B  ?  catkin:  the  lower  bracts  (s) 
have  no  flowers  :  the  stigmata  (n)  project  above. 
C  A  single  ?  flower  surrounded  by  the  eupule 
(bracteoles)  (c),  with  two  stigmata  (h)  (mag. 
and  diag.) 

Order  3.  Fagace^e.  Flowers  monoeeions,  with  a  pei'iantli  of 
five  or  six  segments.  Ovarj  inferior,  trilocular,  with  two  ovules 
in  each  loculus ;  ovules  anatropous,  ascending  or  suspended;  the 
fruit  is  one-seeded  and  indehiscent  (a  nut);  it  is  invested  b j  a 
eupule  formed  probably  bj  the  connate  bracteoles  a  /3'  a  /3'  (Fig. 
382),  and  having  its  surface  covered  with  scales,  prickles,  etc. 
The  filaments  are  not  forked. 

In  Quercus,  the  Oak,  the  $  catkins  are  loose  ;  each  bract  bears  a  single 
flower  in  its  axil  without  bracteoles  :  the  perianth  is  5-7  lobed,  and  the  stamens 
from  6-10  or  indefinite  (Fig.  388  A).  There  is  a  single  flower,  the  median  one, 
in  the  axil  of  each  bract  of  the  $  catkin ;  thus  the  eupule  invests  only  a 
single  fruit,  and  forms  the  so-called  cup  at  its  base.  The  leaves  are  developed  in 
§  order,  and  are  aggregated  towards  the  apices  of  the  annual  shoots  ;  the  annual 
shoots  are  always  terminal.     The    <J    catkins  are  borne  in  the  axils  of   the 
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uppermost  bud- scales  (pairs  of  stipules)  on  both  long  and  dwarf-shoots  of  the 
same  year  ;  the  $  catkins  in  the  axils  of  the  foliage-leaves  of  the  terminal 
shoots :  flowering  takes  place  shortly  after  the  unfolding  of  the  leaves.  The 
ovules  are  ascending.  The  hypogean  cotyledons  remain  enclosed  in  the  testa 
during  germination.  Quercus  Rohur  is  the  English  species,  of  which  there  are 
two  varieties,  Quercus  2>^danculat(i  and  Quercus  seasilijiora  :  the  former  has 
elongated  ?  catkins,  so  that  the  fruits  are  widely  separated  from  each  other, 
and  its  pinnately  lobed  leaves  are  shortly  stalked  and  cordate  at  tlie  base  : 
the  latter  has  compact  ?  catkins,  so  that  the  fruits  form  a  cluster,  and  its 
le-ives  have  longer  petioles,  and  are  narrowed  at  the  base.  Quercus  Suber  is 
tbe  Cork-Oak  of  Southern  Europe.  There  are  also  several  North  American 
species. 

In  Fagus,  the  Beech,  the  catkins  of  both  kinds  are  stalked  dichasial  clusters, 
borne  each  in  the  axil  of  a  foliage-leaf.  The  flowers  have  no  bracts,  or  bracteoles, 
except  the  cupule  of  the  ?  flower.     The  flowers  of  the  pendulous  ^  catkin  are 


Fig.  387.  -  Fruit  of 
Caiqnnus  Betnlus  with 
three-lobed  cupule. 


Fig.  SSS.—Qaercus  pedunculatn.      A  S   flower  magnifled 
1>  perianth  ;    a  stamens.     B  $  flower  magnified  :  d  bract ;  c 
cupule;    p  the  epigynous  perianth;  g  the    style;    n  the 
stigma.    C  The  same,  still  more  magnified,  in  longitudinal 
section;  /ovary  ;  8  ovules. 


closely  packed ;  they  have  a  perianth  of  4-7  segments,  and  8-12  stamens.  The 
erect  ^  catkin  consists  of  two  flowers  only,  which  are  invested  by  a  tetramerous 
cupule.  The  cupule  is  covered  with  hard  bristles,  and  when  ripe  splits  into  four 
valves  to  allow  the  two  triquetrous  fruits  to  escape ;  each  fruit  bears  at  its  apex 
H  brush-like  remnant  of  tbe  perianth.  The  ovules  are  suspended.  The  ? 
inflorescences  are  borne  on  erect  axes  in  the  axils  of  the  leaves  of  the  apical 
shoot  of  the  same  year,  the  S  on  pendulous  axes  springing  from  the  axils  of 
the  lower  leaves  of  the  shoot.  Leaves  distichous,  approaching  each  other  on 
the  under  surfaces  of  the  shoots,  their  axillary  buds  approaching  each  other  on 
the  upper  surface :  the  winter  buds  are  elongated  and  pointed.  The  epigean 
cotyledons  escape  from  the  seed  on  germination.  Fagus  sylvatica  is  tbe 
common  Beech  :  varieties  with  tinted  leaves,  such  as  the  Purple  Beech  and  the 
Copper  Beech,  are  commonly  cultivated. 
In  Castanea,  the  edible  or  Spanish  Chestnut,  some  of  the  catkins  conflist  at 
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their  lower  part  of  ?  flowers  and  at  their  upper  of  ^  flowers,  whilst  others 
have  only  ^  flowers.  In  the  axil  of  each  bract  there  are  usually  either  seven 
<?  or  three  ?  flowers :  the  latter  are  invested  by  the  bracteoles  a  and  j3,  and 
by  a  cupule  formed  by  the  other  four  bracteoles ;  the  cupule,  which  is  covered 
with  prickles,  completely  encloses  the  fruit  until  it  is  ripe,  when  it  splits  into 
four  valves.  Both  kinds  of  catkins  are  formed  in  the  axils  of  leaves  of  shoots 
of  the  same  year,  the  mixed  catkins  being  nearer  to  tlie  apex  than  the  <?  ones. 
The  ovules  are  suspended.  The  leaves  are  arranged  spirally  on  vigorous  shoots  ; 
they  are  distichous  on  the  less  vigorous  lateral  shoots.  C.  vulgaris,  from 
Southern  Europe,  is  cultivated  in  parks ;  it  has  undivided  toothed  leaves. 

Order  4.  JuGLANDACEiE.  Flowers  monoecious,  the  two  kinds  of 
flowers  being  contained  in  distinct  catkins.  Each  bract  bears  in  its 
axil  a  single  flower  with  two  bracteoles.  The  ?  flower  has  usually 
a  perianth  :  the  inferior  ovary  is  dimerous,  and  encloses  a  single 
erect  orthotropous  ovule.  The  (^  flowers  are  usually  borne  on  the 
bract ;  they  may  or  may  not  have  a  perianth,  and  the  stamens  are 

indefinite  (Fig.  389^).  The 
fruit  is  drupaceous ;  the 
leaves  are  pinnate,  and,  like 
the  flowers,  they  are  aro- 
matic. 

In  Juglans  the  <^  catkins  are 
borne  ou  the  apices  of  the  leafless 
Fig.  889.— J.  Bract  of  the  ^  catkin  of  Juglans       shoots  of  the  previous  year,  and 
nigra  bearing  a  flower  :  p  perianth  and  bracteoles;        ^^le  few-flowered  $  catkins  on  the 

s  stamens  ;    x  axis  of  the  catkin.    B   ?   flower  .  x   xu     i      r      i,    ^*„  ^e  +v,/> 

'     ,     ,    ,  ^      ,    ,  ,.  apices  of  the  leafy  shoots  of  the 

of  the  same  plant:  I  bracteoles ;  c  perianth;  n         ^  i        .  i.i 

stigmata  (magnified).  "  same  year.    The  bracteoles  of  the 

?  flowers  (Fig.  389  /)  {.row  up 
around  the  ovary.  The  succulent  mesocarp  is  thin,  and  ruptures  irregularly  ; 
the  hard  endocarp  opens  on  germination  along  the  line  of  junction  of  the  two 
carpels,  and  then  the  incurved  margins  of  the  carpels  are  seen  as  an  incom- 
plete longitudinal  septum  projecting  between  the  two  cotyledons  of  the  embryo 
which  is  closely  invested  by  the  endocarp.  J.  regia,  the  Walnut  Tree,  is  a 
native  of  Southern  Europe  :  in  North  America,  J.  cinerea  and  nigra  occur;  a'so 
various  species  of  Carya,  the  Hickory,  remarkable  for  its  very  hard  wood. 

Order  5.  MYRiCACEiE.  Trees  or  shrubs  ;  the  flowers,  which  are 
diclinous  and  sometimes  dioecious,  are  arranged  in  catkins  ;  perianth 
absent.  The  ovary  is  dimerous  and  unilocular,  with  one  erect 
orthotropous  ovule. 

Myrica  Gale,  the  Bog-Myrtle,  is  a  shrub  occurring  on  moors.  M.  cerifero, 
belonging  to  North  America,  secretes  a  quantity  of  wax  on  its  drupaceous 
fruits. 
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Order  6.  Casuarinace^:.  Trees  having  somewhat  the  appearance 
of  Horse-tails  (Equisetum),  with  long  channelled  internodes,  and 
leaves  forming  a  toothed  sheath.  The  mona'cious  flowers  are  in 
distinct  catkins;  the  c?  flowers  consist  of  a  single  axial  stamen 
(see  p.  78)  and  two  perianth-leaves :  the  ?  of  a  dimerous  uni- 
locular ovarj  invested  by  two  bracteoles,  v^hich,  when  ripe,  are 
hard  and  woody  ;  the  whole  ?  catkin  then  resembles  a  pine-cone  : 
ovules,  generally  two,  orthotropus,  ascending.  (For  peculiarities 
of  fertilisation,  etc.,  see  p.  528.) 

Several  species  of  Casuarina  are  iadigenous  in  Australia. 

Order  7.  Salicacej:.  The  dioecious  flowers  are  arranged  in 
amenta,  and  they  are  borne  in  the  axils  of  the  bracts  without  any 
bracteoles.  There  is  no 
perianth,  but  each  flower 
contains  a  glandular  disc 
or  nectary.  The  ovary  is 
dimerous  and  unilocular, 
and  contains  a  number  of 
parietal  ovules.  The  de- 
hiscence of  the  fruit  is 
loculicidal ;  the  numerous 
seeds  are  furnished  with 
a  pencil  of  silky  hairs  at 
their  bases  (p.  459).  The 
catkins  are  developed  at  the  ends  of  lateral  dwarf-shoots  which 
always  bear  scales  or  even  a  few  foliage-leaves. 

Salix,  the  "Willow  or  Sallow,  has  entire  bracts,  a  one  or  two-toothed  nectary 
in  each  flower,  and  usually  two  stamens,  entire  shortly- stalked  leaves,  and  its 
winter-buds  are  covered  by  a  scale  which  is  formed  bj  the  coalescence  of  two. 
The  shoots,  which  grow  throughout  the  summer,  die  down  yearly.  Some  species, 
such  as  S.  aiha,  fragilis,  and  hahylonica,  the  Weeping  Willow,  have  pendulous 
branches,  and  are  arborescent :  most  of  them  are  shrubby,  and  some,  puch  as 
.S'.  reticulata,  retusa,  and  herbacea  are  small  decumbent  shrubs  occurring  in  the 
Alps  and  in  high  latitudes.  In  S.  purpurea  and  iucana  the  two  stamens  are 
connate  :  .S*.  triandra  has  three  stamens.  Most  of  the  species  grow  on  the  banks 
of  rivers ;  S.  aurita  and  caprea  in  forests,  and  S.  repeus  and  others  on  moors. 

Populus,  the  Poplar,  has  toothed  or  lobed  bracts,  a  cup-shaped  nectary  (Fig. 
390  C,p),  and  numerous  (4-30)  stamens  ;  the  leaves  are  often  lobed  and  have 
long  petioles  ;  the  winter-buds  are  enclosed  by  a  number  of  scales  ;  the  shools 
have  a  terminal  bud.  In  the  Section  Leuce  tlie  young  shoots  are  pubescent, 
and  the  buds  are  not  viscid ;  the  <J  flowers  have  usually  only  from  1-8  stamens, 
and  the  stigmata  have  2-4  lobes  :  to  this  section  belong  P.  alba,  the  White 


Fig.  390.— ^   <J,   B 

?  flower  of 

Salix : 

d  bract; 

h  disc; 

a    stamens ; 

/  ov8r3'; 

n  stigmata   (en- 

larged). 

C  Dehiscent  fruit  of  the 

Poplar  : 

:  8  seeds; 

p  disc. 
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Poplar  or  Abele,  with  five-lobed  leaves  on  the  elongated  shoots,  which  are  white 
and  woolly  beneath  ;  and  P.  Tremida,  the  Aspen,  with  sinuate-serrate  leaves, 
glabrous  beneath,  which  are  versatile  on  the  long  slender  and  compressed 
petiole,  and  which  are  therefore  very  readily  set  in  motion  by  the  wind.  In  the 
Section  Aigeiros,  the  young  shoots  and  the  buds  are  viscid  and  glabrous;  the 
bracts  are  glabrous,  and  the  number  of  stamens  is  usually  from  15-30;  the 
stigmata  are  entire  or  shortly  lobed  :  to  this  section  belong  P.  nigra,  the  Black 
Poplar,  and  a  variety  with  erect  branches,  the  Lombardy  Poplar  ;  of  the  latter, 
only  <J  individuals  are  usually  cultivated.  In  the  Section  Tacamahaca,  the 
young  shoots  and  buds  are  viscid ;  the  leaves  grey  below,  with  compressed 
petioles  :  and  the  stamens  20-30  :  to  this  section  belongs  P.  halsamifera  of. 
North  America  and  Siberia. 

Cohort  IV.     Proteales.     Characters,  those  of  the  natural  order. 

Order  1.  Proteace^.  Affinities  doubtful.  Flowers  arabispor- 
angiate ;  the  very  short  stamens  are  superposed  on  the  four  seg- 
ments of  the  simple  perianth,  and  are  adnate  to  them  (Fig.  391  B)  : 


C    f,1 


Fig.  391. -Flower  of  Manglesia  glahrata.    A  Before  Fig.  392.— Flower  of  Cheno- 
opening-.     B  Open  :  p  segment  of  the  perianth ;   a  potlium    (enlarged)  :    fc    peri- 
anther;  n  stigma.    C  Ovary  (below)  in  longitudinal  anth  ;    a  stamens;   /  ovary; 
section  ;   gp  gynophore.       D  Transverse  section  of  n  stigma, 
the  ovary.    E  Ripe  fruit.     (After  Sachs.) 

when  the  flower  opens,  the  tube  of  the  perianth  often  becomes  still 
more  deeply  cleft :  the  superior  monomerous  ovary  is  usually 
borne  upon  a  prolongation  of  the  axis  (Fig.  391  C,  gp) :  ovules  one 
or  more,  ascending :  seeds  without  endosperm. 

Protea,  Grevillea,  Manglesia,  and  others  occur  mostly  in  South  Africa  and  in 
Australia. 

Cohort  V.  Chenopodiales.  Flowers  usually  ambisporangiate ; 
perianth  sepaloid  or  petaloid  :  ovary  monomerous  or  polymerous  ; 
ovule  usually  solitary ;  embryo  coiled  or  curved :  ripe  seed  con- 
tains perisperm,  but  no  endosperm. 


GROUP   IV. — PHANEROGAMIA  :    DICOTYI-BDONES  :    MOXOCHLAMYDE.E.    587 

This  cohort  is  sometimes  placed,  though  apparently  without  sufficient  reason, 
in  the  sub-class  Thalamitione  close  to  the  Caryophyllacece,  with  which  order  it 
is,  however,  connected  by  the  Phytolaccacese. 

Order  1.  ChenopOdiace.j;.  Flowers  small,  united  to  form  a 
dense  inflorescence :  the  bracteoles  are  frequently  suppressed. 
Stamens  typically  equal  in  number  to  and  superposed  on  the 
usually  four  (2  -I-  2)  or  five  (|)  free  or  connate  sepaloid  perianth- 
leaves  for  the  same  reason  as  in  the  Urticales  (p.  576)  (Fig.  392). 
Ovary  usually  medially  dimerous  and  unilocular,  with  a  single 
campylotropous,  erect  or  horizontal,  basal  ovule.  Stipules 
wanting. 

Chenopodiiim  album,  the  Goose-foot,  and  C.  Bonus  Heuricus,  the  All-good, 
are  common  weeds  on  garden-ground  and  waste  land.  Spinacia  oleracea  is 
Spinach,  cultivated  as  a  vegetable.  Beta  vulgaris  is  cultivated  under  the  var. 
Giclu  (Mangold)  ;  B.  altissima  is  the  species  used  in  the  manufacture  of  sugar, 
and  B.  rubra  is  the  red  Beetroot ;  B.  maritima  is  the  wild  Beet.  Salsola,  the 
Salt-wort,  and  its  aUies,  Suaeda,  the  Sea-blite,  and  Salicornia,  the  Marsh- 
Samphire  or  Glass-wort,  with  fleshy  stems  and  leaves,  are  conspicuous  in  the 
vegetation  of  the  sea-shore.     Atriplex,  the  Orache,  is  the  other  British  geuus. 

Order  2.  Amaraxtacej;.  The  flowers  have  the  same  structure 
as  those  of  the  preceding  family:  they  usually  have  bracteoles 
which  are  frequently  petaloid  :  perianth  sometimes  petaloid  :  ovary 
unilocular,  apparently  di-  or  tri-merous  :  ovule  solitary  and  basal, 
but  in  some  cases  (Celosia)  the  ovules  are  numerous.  Stipules 
absent.     The  flowers  usually  form  dense  inflorescences. 

Species  of  Amaranthus  and  Celosia  (Cock's-comb),  the  latter  having  a  mon- 
strous floral  axis,  are  well  known  as  ornamental  plants.  Amaranthus  Blitum  is 
found  wild  in  Britain. 

Order  3.  Phytolaccacej:.  The  flowers  have  a  simple,  gener- 
ally 5-leaved,  perianth  which  is  often  peta- 
loid, and  there  are  frequently  two  regularly 
alternating  whorls  of  stamens  ;  when  there 
is  but  one  whorl  of  stamens  they  are  some- 
times superposed  on  the  perianth-leaves 
(Microtea)  ;  the  number  of  the  stamens  in 
one  or  both  whorls  is  in  many  cases  doubled 

(Fig.  393):    the  number  of  carpels  varies        p,«.  393.-Dia^ram of  the 
very  much  ;  when  the  ovary  is  polymerous      flower  of  Phytolacca  decan- 
it  is    multilocular,    each    loculus    contain-      **'"• 
ing  a  single  ascending  ovule.     Stipules  occasionally  present. 
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The  juice  of  the  berries  of  Phytolacca  decandra,  a  native  of  North  America,  is 
used  as  a  colouring-matter  in  the  manufacture  of  wine  and  in  other  processes. 

Order  4.  NycTAGiNACEJ].  Perianth  a  simple  whorl,  petaloid, 
gamophjUous,  5-leaved ;  the  basal  portion  persists  as  an  investment 
to  the  fruit,  often  becoming  succulent  or  woody :  stamens  in 
greater  or  smaller  numbers  (1-30) ;  when  isomerous  thej  usually 
alternate  with  the  perianth-leaves,  but  are  sometimes  opposite  to 
them  (Colignonia)  :  ovary  monomerous,  unilocular,  with  one  basal 
campylotropous  ovule ;  the  flowers  are  surrounded  by  an  involucre 
or  epicalyx  of  3,  5,  or  many  bracts,  enclosing  1,  3,  or  many  flowers. 

Mirahilis  Jalapa,  the  Marvel  of  Peru,  is  an  ornamental  plant  from  America  ; 
the  roots  are  often  substituted  for  those  of  the  true  Jalap.  Whilst  generally 
sepaloid,  the  involucre  is  petaloid  in  Bougainvillea  where  it  encloses  three 
flowers,  and  in  Tricycla  where  it  encloses  but  one  :  in  the  la'ter  case,  as  the 
single  flower  appears  to  be  terminal,  the  involucre  may  be  more  correctly  des- 
cribed as  an  epicalyx  of  bracteoles  (see  p.  494).  The  embryo  of  Abronia  is 
pseudo-monocotyledonous. 

Cohort  VI.  Asarales.  Affinities  doubtful.  Flowers  mono-  or 
ambi-sporangiate  :  ovary  inferior  :   ovules  numerous. 

Order  1.  Aristolochiacej;.  Flowers  3-6-merous,  ambisporan- 
giate  :  perianth  of  three  connate  petaloid  segments  forming  a  three- 
lobed  tube  :  stamens  6  or  12,  with  extrorse  anthers :  ovary  usually 
6-locular,  with  numerous  ovules  in  two  longitudinal  rows  along  the 
inner  angles  of  each  loculus.  The  minute  embryo  is  enclosed  in 
the  copious  endosperm.  They  are  herbs  or  shrubs,  often  climbing, 
with  large  leaves. 

In  Asarum  europceum  (Asarabacca)  the  three  lobes  of  the  perianth  are  equal ; 
alternating  with  them  ara  three  scales  which  probably  represent  a  corolla  :  the 

twelve  stamens  (apparently  in  two  whorls) 
are  free,  and  the  connective  is  produced  (Fig. 
394).  The  annual  shoots  of  the  creeping  stem 
bear  four  catapbyllary  leaves,  two  large  petio- 
late  reniform  foliage-leaves,  and  a  terminal 
flower.  The  lateral  branches  spring  from  the 
axils  of  the  uppermost  foliage-leaf  and  of  the 
scales.  In  Aristolocliia,  the  Birthwort  (see 
Fig.  293,  p.  456),  the  limb  of  the  perianth  is 
obliquely  lipped ;  the  six  anthers  are  sessile 
and  aduate  to  the  short  style  (see  p.  518). 

A.  Siuho  is  a  climber  frequently  cultivatei : 
Fig.      391.  — Asarum    euroixBum.  . 

Longitudinal  section  of  the  flower       ^-     Clematitis,    though    not    indigenous,     is 
(mag,);  i>  perianth.    (After  Sachs.)       found  wild  in  Britain,  generally  on  ruins :  the 
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flowers  of  the  latter  occur  usually  several  together  in  the  axils  of  the  leaves, 
and  those  of  the  former  in  pairs,  one  above  the  other,  together  with  a  branch, 
in  the  axils  of  the  leaves  of  the  shoot  of  the  previous  year. 

The  presence  in  Asarum  of  what  is  apparently  a  corolla  renders  the  position 
of  this  order  among  the  Monochlamydeffi  rather  doubtful. 

Order  2.  Cytinace j:.  Parasites  devoid  of  chlorophyll  and  with- 
out foliage-leaves,  with  a  usually  deformed  vegetative  body,  and 
either  solitary  flowers  of  remarkable  size,  or  small  flowers  in  a 
compact  inflorescence.  Flowers  of  various  structure,  mono-  or 
ambi-sporangiate  :  perianth  campanulate  :  the  stigmata  and  anthers 
are  borne  on  a  central  column:  ovary  generally  unilocular:  ovules 
very  numerous,  having  generally  one  or  two  integnraents  :  embryo 
rudimentary :  seed  with  or  without  endosperm. 

Sub-order  1.  Cytine^.  Flowers  monosporangiate.  Cytinus  Hypocistis  is 
parasitic  on  the  roots  of  Cistus  in  Southern  Europe  ;  another  species  occurs  in 
Mexico,  and  another  in  South  Africa. 

Sub-order  2.  HYDNORKiE.  Flowers  ambisporangiate.  Hydnora  is  parasitic 
on  the  roots  of  Euphorbite,  etc.,  in  South  Africa  ;  Prosopanche  is  parasitic  on 
the  roots  of  Prosopis  in  South  America  :  the  seed  contains  both  endosperm  and 
perisperm. 

Sub-order  3.  Rafflesie^e.  RafHesia  and  Brugmansia  are  parasitic  on  the 
roots  of  Ampelidaceae  and  Legurainosae  in  the  Malay  Archipelago :  Pilostyles 
belongs  to  tropical  South  America.  Rafflesia  Arnoldi  is  conspicuous  for  tUe 
enormous  size  of  its  flower.     Brugmansia  has  ambisporangiate  flowers. 

Cohort  VII.  Santalales.  Parasitic  plants:  leaves,  when 
present,  entire  :  stamens  equal  in  number  to  the  leaves  of  the 
perianth  and  superposed  upon  them  :  ovary  inferior,  unilocular ; 
ovules  usually  devoid  of  integument. 

Order  1.  Santalacejj.  Parasites  provided  with  chlorophyll  : 
flowers  generally  ambisporangiate  :  ovules  1-4,  suspended,  upon  a 
free  central  placenta  :  perianth  3-5-lobed ;  fruit  a  nut  or  drupe  : 
seed  with  endosperm. 

Themim  linophnUum,  the  Bastard  Toad-flax,  is  an  indigenous  plant  which  is 
parasitic  on  the  roots  of  other  plants.  The  leaves  are  narrow  and  linear.  The 
bracts  of  the  flowers,  which  are  disposed  in  racemes,  are  usually  placed  high  up 
on  the  pedicels,  close  under  the  flowers,  and  in  most  of  the  species  constitute 
with  the  bracteoles  a  three-leaved  epicalyx.  The  stamens  are  filiform,  inserted 
at  the  base  of  the  lobes  of  the  perianth.  The  perianth  is  persistent,  remaining 
curled  up  at  the  apex  of  the  indehiscent  fruit  (Fig.  395  li).  Suntalum  album, 
an  East  Indian  tree,  yields  Sandal-wood. 

Order  2.  LoRANTHACEiE.  Parasites  provided  with  chlorophyll : 
flowers  mono-  or  ambi-sporangiate ;  sometimes  dicKcious  :  perianth 
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of  4,  6,  or  8  leaves  :  ovary  1-2-meroas  :  in  the  free  central  placenta, 
which  becomes  more  or  less  closely  adherent  to  the  vv^all  of  the 
ovary,  are  developed  several  embryo-sacs,  each  of  which  probably 
represents  an  ovule,  but  usually  one  only  is  fertile :  fruit  a  berry : 
seed  generally  with  endosperm. 

Viscum  album,  the  Mistletoe,  is  parasitic  on  various  trees,  forming  conspicuous 
evergreen  bunches.  The  stem  bears  a  pair  of  opposite  leaves  (Fig.  396  i  t), 
from  the  axils  of  which  new  branches  spring,  each  bearing  a  pair  of  cataphyllary 
leaves  and  then  a  pair  of  foliage-leaves,  while  the  main  axis  ceases  to  grow,  or 
produces  a  terminal  inflorescence,  consisting  of  three  flowers  (Fig.  396  /*/)•: 
branches  or  inflorescences  may  also  spring  from  the  axils  of  the  cataphyllary 
leaves.  The  flowers  are  dioecious.  The  fruit  is  a  one-seeded  berry  with  a  viscid 
pericarp,  by  means  of  which  the  seeds  become  attached  to  trees,  and  thus  effect 
the  distribution  of  the  plant.  The  ^  flowers  have  multilocular  sessile  anthers 
which  are  inserted  (Fig.  396  B  a)  upon  the  leaves  of  the  perianth.  Loranthus 
europccus  occurs  upon  Oaks  in  Eastern  Europe. 


Fig.  395.—^  Flower ;  B  fruit 
of  Thcsium  moiitaiium  ;  /  ovary  ; 
•p  perianth  ;  s stamens;  n stigma 
(enlarged). 


Fig.  393.—^  Terminal  shoot  of  a  $  plant  of  the 
Mistletoe,  VUcmn  albma:  s  stem;  bb  leaves;  fcfc 
axillaiy  buds ;  /  three  ?  flowers  with  the  fruit  set ; 
h.  bracts.  B  S  flower  (mag.)  y>  perianth;  a  anthers 
adherent  to  the  leaves  of  the  perianth. 


Order.  3.  BALANOPHORACEiE.  Parasites  devoid  of  chlorophyll 
and  without  foliage-leaves,  with  a  deformed  vegetative  body. 
Flowers  dioecious  or  monoecious,  in  many- flowered  inflorescences. 
The  staminate  flowers  have  usually  a  3-4-lobed  perianth.  The 
carpellary  flowers  have  usually  no  perianth,  and  consist  of  a  one- 
seeded  ovary  of  1-3  carpels :  the  ovule  is  suspended,  and  it  fre- 
quently adheres  closely  to  the  ovary  ;  an  integument  is  present  in 
Cynomorium.     The  embryo  is  very  small. 

Balanophora,  Lophophytum,  and  others  are  Brazilian  genera ;  others 
(Mystropetalon,  Sarcophyte)  inhabit  tropical  Africa ;  Cynomorium  coccineum  is 
found  in  the  Mediterranean  region. 
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SUB-CLASS  II.     POLYPETAL^. 

Flowers  usually  ambisporangiate  :  perianth  usually  consisting 
of  calyx  and  corolla,  the  petals  being  free. 

SERIES    I.    THALAMIFLOR.E. 

Sepals  usually  free :  petals  often  indefinite :  stamens  hypo- 
gynous,  often  indefinite :  gyneeceum  apocarpous  or  syncarpous. 

Cohort  I.  Ranales.  Flowers  generally  acyclic  or  hemicyclic  : 
perianth  consisting  of  calyx  only,  or  of  calyx  and  corolla :  stamens 
usually  indefinite :  gynaeceum  apocarpous,  sometimes  reduced  to  a 
single  carpel ;  very  rarely  syncarpous,  with  a  multilocular  ovary. 
Seed  with  or  without  endosperm. 

Order  1.  Ranunculace^e.  Perianth  either  consisting  of  a  petaloid 
calyx,  or  of  calyx  and  corolla,  usually  spiral :  stamens  numerous, 
occupying  several  turns  of  the  spiral,  or  arranged  in  several  alter- 
nating whorls;  anthers  usually  with  lateral  dehiscence,  sometimes 
extrorse  or  introrse  :  carpels  numerous,  spirally  arranged ;  rarely 
one  only ;  the  ovules  are  disposed  on  the  connate  margins  of 
each  carpel,  that  is,  in  two  rows  down  the  ventral  suture;  in 
several  genera  the  number  of  the  ovules  in  each  ovary  is  reduced 
to  one,  which  then  originates  from  either  the  upper  or  the  lower  end 
of  the  cavity  of  the  ovary  :  seed  with  endosperm.  They  are  almost 
all  herbaceous  plants,  and  are  either  annuals  or  they  have  perennial 
rhizomes ;  they  have  no  stipules,  but  they  have  amplexicaul  leaves. 

Tribe  1.  Anemonecc.  Petals  generally  replaced  by  stamens:  sepals  frequently 
petaloid :  ovaries  numerous,  each  containing  a  single  suspended  or  ascending 
anatropous  ovule  ;  fruit  consists  of  a  number  of  acbenes. 

The  genus  Clematis  consists  of  shrubs  which  creep,  or  climb  by  their  petioles, 
and  have  opposite  leaves,  and  a  petaloid  usually  valvate  calyx.  Clematis 
Vitalha,  the  Old  Man's  Beard,  is  common  in  hedges;  it  has  a  greenish-white 
calyx,  and  fruits  with  long  feathery  styles  ;  G.  Viticella,  patens,  and  others  are 
cultivated  as  decorative  plants.  Atragene  alpina,  occurring  in  the  Alps  and  in 
Siberia,  has  its  external  stamens  converted  into  petaloid  staminodes. 

Thalictrum  ;  the  species  of  this  genus,  as  T.  majm,  minus,  flavum,  and 
alpinum,  the  Meadow-Rues,  have  stems  well  covered  with  leaves,  and  flowers 
with  an  inconspicucous,  fugacious,  4-5-leaved  calyx,  and  a  flat  receptacle. 

Anemone  has  au  hemispherical  receptacle  (Fig.  397  A  t),  and  a  petaloid, 
usually  5-6-leaved  calyx.  In  most  of  the  species  the  underground  rhizome 
elongates  into  an  erect  scape  which  bears  a  single  whorl  of  three  bracteoles  form- 
ing an  epicalyx  (p.  494),  beneath  the  terminal  flower.  In  A.nemorosa,  ranun- 
euloides,  and  others,  these  bracteoles  resemble  the  foliage-leaves,  and  often  bear 
flowers  in  their  axils ;  but  in  A,  Pulsatilla,  and  others,  they  differ  from  the  foli- 
V.  S.  B.  y  Q 
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age-leaves  in  that  they  are  palmatifid  (Fig.  397  A  h) ;  in  ^.  Hepatica,  in  which 
the  scapes  spring  from  the  axils  of  cataphyllary  leaves,  the  three  bracteoles  are 
simple  and  lie  so  closely  under  the  petaloid  calyx  that  at  first  they  appear  to 
be  the  calyx  of  the  flower. 

Myosurus  minimus  (Mouse- tail)  has  a  very  long  cylindrical  receptacle,  bearing 
the  indefinite  spirally  arranged  carpels  :  stamens  4-14  ;  the  5  sepals  are  spurred. 
Adonis,  the  Pheasant's  Eye,  has  completely  acyclic  flowers  ;  eepals  5,  petals  8 
or  more,  not  glandular  at  the  base ;  stamens  and  carpels  indefinite,  arranged  in 
^  order :  A.  autumnalis  is  the  species  which  occurs  in  England. 

In  Ranunculus,  the  calyx,  which  is  not  petaloid,  consists  of  5  (f)  sepals,  and 
the  corolla  of  5  imbricate  petals  which  alternate  with  the  sepals  and  have  a 


Fig.  397.  —  Flowers  of  Ranunculacese :  s  peduncle ;  fc  sepals ;  c  petals ;  a  stamens ; 
/  ovary;  n  stigma  (all  of  natural  size  or  slightly  magnified).  A  Flower  of  Anemone 
Pulsatilla  in  longitudinal  section  ;  h  epicalyx  ;  t  receptacle.  B  Gynseceum  of  Ranunculus  : 
X  receptacle  with  the  points  of  insertion  of  the  stamens  which  have  been  removed :  C  flower 
seen  from  below.  D  Flower  of  Uellehorus  viridis.  E  Flower  of  Aconitum  Napellvs  :  h 
bracteoles ;  li  hooded  posterior  sepal— the  lateral  sepal  on  this  side  is  removed. 

nectary  at  their  base :  the  stamens  and  carpels  are  arranged  spirally ;  anthers 
extrorse ;  the  ovule  is  ascending,  whereas  it  is  suspended  in  all  the  preceding 
genera.  The  genus  includes  water-plants  with  finely-divided  leaves  and  white 
flowers,  as  R.  aquatilis,  Water  Crowfoot,  fluitans,  etc.  ;  and  land-  or  bog-plants, 
usually  with  a  yellow  corolla,  as  R.  acris,  the  Buttercup,  repem,  bulhosus,  and 
sceleratus  (all  known  as  Crowfoot),  and  Lingua  and  Flammula  (the  Greater  and 
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Lesser  Spearworts) ;  they  are  all  more  or  less  poisonous.  R.  Ficaria  (the 
Lesser  Celandine)  has  3  sepals  and  usually  8  petals. 

Tribe  2.  Helleborece.  Perianth  generally  consisting  of  calyx  and  corolla,  the 
latter  being  occasionally  suppressed ;  the  petals  are  glandular  at  the  base : 
ovaries  usually  fewer  in  number  than  the  leaves  of  the  perianth ;  ovules  numer- 
ous, borne  on  the  ventral  suture ;  fruit  usually  consists  of  several  follicles. 

(a)  With  regular,  generally  actinornorphic,  flowers : 

Helleborus,  with  acyclic  flowers ;  sepals  more  or  less  petaloid  in  |  arrange- 
ment ;  the  petals,  which  are  small  and  tubular,  iu  |  or  ^^  ;  stamens  in  /j-  or 
ij'j ;  ovaries  usually  3-5  (Fig,  397  D).  H.  niger  is  the  Christmas  Eose ;  H. 
viridis  and  fa^tidus  are  not  rare.  Nigella  has  5  petaloid  sepals  and  usually  8 
(superposed  if  5)  small  glandular  petals  :  its  carpels  cohere  partially  or  com- 
pletely, forming  a  septicidal  capsule.  Trollius,  the  Globe-flower,  has  5-15 
petaloid  sepals,  and  a  similar  number  of  small  petals  which,  like  the  stamens 
and  carpels,  are  all  arranged  spirally :  T.  europceus  occurs  in  sub-alpine  regions. 
Caltha,  the  Marsh-Marigold,  has  5  yellow  petaloid  sepals,  but  no  corolla :  (7. 
palustris  is  common  in  damp  places.  Eranthis,  the  Winter  Aconite,  has  a 
3-leaved  epicalyx,  and  small  petals  with  long 
claws.  Actaea  has  a  petaloid  calyx  and  an 
alternating  (sometimes  suppressed)  corolla ; 
it  has  a  single  carpel  which  becomes  a  baccate 
fruit:  A.  spicaia,  the  Baneberry  or  Herb 
Christopher,  occurs  in  woods.  Aquilegia,  the 
Columbine,  has  a  cyclic  flower  (Fig,  398)  : 
it  has  5  petaloid  sepals,  and  petals  with  long 
spurs  ;  there  are  several  whorls  of  stamens  : 
A.  vulgaris,  atrata,  Aklei,  and  others  occur 
wild,  or  are  cultivated  as  decorative  plants. 

(b)  W^ith  irregular  dorsiventral  flowers: 

Delphinium,  the  Larkspur,  has  the  pos- 
terior of  the  5  petaloid  sepals  prolonged  into  ^'*'-  398.-DiaRram  of  flower  of 
a   spur :    there   are  typically   5-8  petals,  of  *^"'  ^^'*' 

which  only  the  2  (D,  Ajacis;  see  Fig,  328  A)  or  4  (D.  Staphisagria)  posterior 
are  developed ;  the  spurs  of  the  two  posterior  petals  project  into  that  of  the 
posterior  sepal :  D.  Staphisagria  has  3-5  carpels ;  D.  Consolida  and  D.  Ajacis, 
common  garden  plants,  have  usually  but  one  carpel.  Iq  Aconitum,  the 
Wolf's-bane  or  Monk's-hood,  the  posterior  of  the  5  petaloid  sepals  is  large  and 
hooded  ;  the  two  posterior  of  the  8  petals  have  long  claws,  and  are  covered  by 
the  posterior  sepal,  the  others  being  inconspicuous  (Fig.  397  E,  c). 

Tribe  3.  Pceoniea.  The  perianth  consists  of  calyx  and  corolla,  and  the  petals 
are  not  glandular :  ovaries  with  numerous  ovules,  surrounded  by  a  disc  :  fruit 
of  several  follicles. 

In  Fffionia,  the  Peony,  the  flower  is  acyclic :  the  calyx  consists  of  5  sepals 
which  gradually  pass  into  the  foliage-leaves  ;  the  petals  are  5  or  more.  P.  officiu- 
alia,  corallina,  and  others  are  cultivated  as  decorative  plants  ;  P.  Moutan  has  a 
woody  stem  and  a  tabular  disc. 

Order  2.     Magnoliace-E.     Perianth  cyclic,  consisting  usually  of 
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three  alternating  trimerous  whorls,  one  of  sepals  and  two  of 
petals  :  stamens  and  carpels  numerous,  arranged  spirally :  seed 
containing  endosperm.     Woody  trees  or  shrubs. 

Tribe  1.  Magnoliece.  Carpels  very  numerous  on  an  elongated  cylindrical 
receptacle  :  flowers  invested  by  a  spathoid  bract ;  stipules  connate.  Magnolia 
grandiflora  and  other  species,  and  Liriodendron  tulipifera,  the  Tulip-tree,  from 
North  America,  are  ornamental  trees. 

Tribe  2.  Illicieoe.  Carpels  in  a  single  whorl  on  a  flat  receptacle  (Fig.  340). 
Illicium  anisatum,  the  Star-Anise,  is  a  native  of  China. 

Order  3.  CALYCANTHACEiE.  Flowers  acyclic,  perigynous  :  fruit, 
an  etaerio  of  achenes,  resembling  that  of  the  Rose. 

Calycanthus  flovidus,  Carolina  Allspice,  is  an  ornamental  shrub  with  brown 
aromatic  flowers.     Chimonanthus,  a  fragrant  shrub,  also  belongs  here. 

Order  4.  Nymph^ace^.  Flowers  usually  acyclic  without  any 
sharp  demarcation  between  the  petals  and  the  stamens  :  pistil 
either  apo-  or  syn-carpous.  Water-plants,  generally  with  broad 
floating  leaves. 

Tribe  1.  Nymphceince.  Carpels  connate,  forming  a  polymerous  multilocular 
ovary  which  may  be  either  superior  or  inferior.  Ovules  numerous,  placenta- 
tion  superficial :  seeds  numerous,  containing  both  endosperm  and  perisperm, 
sometimes  arillate  (p.  459).  The  rhizome  growa  at  the  bottom  of  the  water  and 
throws  up  broad,  flat,  cordate  leaves  with  long  petioles  which  float  on  the  surface. 
The  flower  also  reaches  the  surface,  borne  on  a  long  peduncle. 

Nymphaa  alba,  the  white  Water-Lily,  has  four  green  sepals,  a  great  number 
of  white  petals  which,  together  with  the  very  numerous  stamens,  are  arranged 
spirally,  and  a  semi-inferior  ovary,  Nuphar  luteum,  the  yellow  Water-Lily, 
has  a  calyx  consisting  usually  of  five  greenish-yellow  sepals  ;  the  petals,  which 
are  smaller  and  yellow,  are  usually  13  in  number,  and  form  a  continuous  spiral 
with  the  indefinite  stamens  ;  the  ovary  is  superior.  Victoria  regia,  a  Brazilian 
species,  has  peltate  leaves  of  more  than  a  yard  in  diameter. 

Tribe  2.  Neliunbiea.  Ovaries  numerous,  distinct,  imbedded  in  the  fleshy 
receptacle  :  seeds  solitary,  exalbuminous. 

Nelumbium  spcciosum  is  the  Lotus  of  Egypt  and  Asia. 

Tribe  3.  Cabombece.  Flowers  cyclic.  Calyx  and  corolla  each  three-leaved. 
Stamens  3-18  or  oo .  Ovaries  3-18,  monomerous,  each  with  two  or  three 
ovules  attached  to  its  walls  or  to  the  dorsal  suture  of  the  carpel.  Seeds  con- 
taining endosperm  and  perisperm.  The  submerged  leaves  are  much  divided, 
the  floating  leaves  peltate.  Cabomba  occurs  in  tropical  America :  Brasenia  is 
widely  distributed. 

Cohort  11.  Menispermales.  Flowers  usually  ambisporangiate, 
sometimes  monosporangiate  and  then  frequently  polygamous;  cyclic, 
typically   trimerous:    perianth  usually  dift'erentiated  into    calyx 
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and  corolla,  and  then  either  homochlaraydeous  or  heterochlamy- 
deous :  stamens  usually  3  or  a  multiple  of  3  :  gynaeceum  trimerous 
and  apocarpous  or  syncarpous,  or  monomerous ;  ovary  unilocular, 
with  usually  a  single  basal  or  suspended  anatropous  or  orthotro- 
pous  ovule ;  seed  with  or  without  endosperm ;  endosperm  some- 
times ruminated. 

Order  1.  Mexispermace.e.  Flowers  usually  dioecious,  but  with 
traces  of  the  missing  organs  :  perianth  usually  biseriate,  hetero- 
chlamydeous  :  the  calyx,  corolla,  and  androecium  have  usually  two 
whorls  each.  Carpels  usually  3^6,  distinct,  one-seeded,  but  many- 
seeded  in  the  sub-family  Lardizalbeae.  Seed  with  or  without 
endosperm.  They  are  mostly  tropical  climbing  plants  with  woody 
twining  stems  and  palmate  leaves. 

The  structure  of  the  flower  is  very  variable:  pleiotaxy  is  frequent;  thus 
the  calyx  may  consist  of  3  or  more  (8-10  in  Sychnosepalum)  whorls,  the 
corolla  of  3  whorls  (occasionally  in  Menispermum), 
the  androecium  of  as  many  as  8  whorls  (Meni- 
spermum, Anamirta) :  on  the  other  hand  oligotaxy 
sometimes  occurs ;  the  corolla  may  be  completely 
suppressed  {e.g.  Abuta,  Akebia),  and  in  the  latter 
genus  the  calyx  consists  of  only  a  single  whorl.  The 
<?  flower  of  Cissampelos  is  dimerous,  and  the  ?  flower 
has  a  rudimentary  perianth  and  a  unilocular  ovary 
with  three  stigmata.  The  endosperm  is  ruminated 
in  some  genera  {e.fj.  Anomospermum,  Abuta,  Cbas- 
manthera) :  the  seed  is  exalbuminous  in  the  Pachy- 
goneaB  {e.g.  Pacbygone,  Sychnosepalum,  Rameya). 

Order  2.  Bkrberidaceje.  Flowers  ambisporangiate  :  the  calyx, 
corolla,  and  androecium,  each  consist  of  two  di-  or  tri-merous 
whorls.  Gynaeceum  monomerous  ;  ovary  with  numerous  marginal 
ovules.     Fruit  capsular  or  baccate.     Seed  with  endosperm. 

Berber  is  vulgaris  is  the  Barberry  ;  its  floral  formula  is  A'S  +  S,  C3-1-3,  .43+8, 
Gil';  the  flowers  are  in  pendent  racemes,  usually  without  terminal  flowers; 
when  a  terminal  flower  is  present  it  is  acyclic  and  its  formula  is  A'5  \  Co  \  A^ 
(see  Fig.  311,  p.  498).  Fruit  an  oval  berry.  The  leaves  of  the  ordinary 
shoots  are  transformed  into  spines  (Fig.  38),  in  tho  axils  of  which  are  dwarf- 
shoots  bearing  the  foliage-leaves  and  the  inflorescences.  Epimedium  has  a 
dimerous  flower ;  calyx  of  4-5  whorls  ;  petals  spurred.  In  Berberis,  sub-genus 
Mahonia,  there  are  3  whorls  of  sepals,  and  in  Nandina  many  whorls  the  inner 
of  which  gradually  become  petaloid.  Podophyllum  has  sometimes  3  whorls 
of  petals  (though  the  number  of  petals  varies  in  consequence  of  oligomery), 
and  shows  duplication  of  the  stamens  of  the  inner  whorl.  The  anthers  usually 
dehisce  by  valves,  but  in  Podophyllum  and  Nandina  the  dehiscence  is  longi- 
tudinal. 


Fig.  399.  —  Diagram  of 
flower  of  many  of  the  Meni- 
spermaceae. 
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Order  3.  LAURACEiE.  Flowers  ambisporangiate,  or  poljgaraons, 
somewhat  perigjnous,  usually  trimerous  (sometimes  dimerous  or 
tetramerous)  :  perianth  sepaloid,  in  two  whorls  :  stamens  9-12,  in 
three  or  four  whorls,  those  of  one  or  more  whorls  being  frequently 
staminodes ;  the  anthers  open  by  2  or  4  valves,  the  outer  introrse, 
the  inner  extrorse ;  the  filaments  have  glandular  appendages  (Fig. 
400  h  b).  Ovary  trimerous,  unilocular,  with  one  suspended  ovule, 
two  of  the  three  loculi  being  abortive.  Fruit  a  berry  or  a  drupe. 
Seed  devoid  of  endosperm. 

This  order  is  frequently  i^laced  in  the  sub-class  Monochlamydeae  ;  but  there 
can  be  no  doubt  that  such  a  position  is  unsatisfactory :  the  order  seems  rather 
to  be  allied  to  the  Menispermaceae.     The  chief  morphological  difficulty  is  the 


Fig.  400. — Stamen  of  Lauras.  An- 
thers opened,  aa;  d  d  the  valves; 
b  b  glandular  appendages.  Diagram 
of  Cinnamomum. 


Fig.  401.— Fruit  of  the  Nutmeg- 
tree,  Myristica  moschata.  P  Pericarp, 
half  of  it  removed ;  s  the  seed ;  a 
aril  (nat.  size). 


interpretation  of  the  perianth;  since  it  consists  of  two  whorls,  and  is  homo- 
ehlamydeous  and  sepaloid,  it  may  be  regarded  as  corresponding  to  the  two- 
whorled  calyx  of  other  Menispermales ;  from  this  point  of  view  the  Lauracea- 
would  be  held  to  haVe  no  corolla :  on  the  other  hand,  the  fact  that  the  two 
whorls  are  developed  diJBferently,  the  segments  of  the  outer  whorl  being  de- 
veloped successively  and  those  of  the  inner  whorl  simultaneously,  tends  to  prove 
that  the  outer  whorl  is  a  calyx  and  the  inner  whorl  a  corolla.  In  Laurus  nobili^ 
what  appear  to  be  petals  are  exceptionally  present  in  addition  to  the  two  normal 
perianth-whorls  ;  but  these  petals  are  really  staminodes,  due  to  petaloid  meta- 
morphosis of  the  four  stamens  of  the  external  whorl. 

These  are  usually  evergreen  shrubs  with  coriaceous  leaves  (e.g.  Laurus  nohilis, 
the  Sweet  Bay)  ;  a  few,  as  Cassytha,  are  parasites  resembling  the  Dodder  in 
habit.     The  flowers  of  the  Bay  are  diclinous. 

Order  4.  Myristicacej:.  Flowers  dioecious,  perianth  of  a 
single  whorl,  gamophyllous,  3-lobed.     Stamens  3-18  coherent  into 
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one  bundle.  Ovary  monomerous,  with  one  basal  anatropous 
ovule  :  fruit  a  fleshy  two-valved  capsule :  seed  with  ruminated 
endosperm. 

Myristica  moschata,  the  Nutmeg,  is  a  native  of  New  Guinea.  The  seed  is 
invested  by  an  aril  (see  p.  459),  an  integument  which  is  developed  after 
fertilisation  ;  it  has  a  netted  or  laciniate  appearance  (Fig.  401  a)  ;  it  is  known 
in  commerce  as  Mace.  Seed  large,  with  abundant  ruminated  endosperm  ;  the 
innermost  layer  of  the  brown  testa  closely  follows  all  the  windings,  and  this 
gives  the  endosperm  a  marbled  appearance. 

The  affinities  of  this  order  are  doubtful :  it  is  commonly  regarded  as  closely 
allied  to  the  Lauraceae. 

Order  5.  Polygon- 
ace^.  Flowers  ambi- 
sporangiate,  sometimes 
monosporangiate  by 
suppression,  trimerous 
(sometimes  dimerous), 
with  the  typical  formula 
A^3,  C'S,  A  3  +  3,  G(3): 
perianth  in  two  whorls, 
homochlamy  deous,  eith  er 
sepaloid  or  petaloid, 
sometimes  reduced  to  5 
leaves :  stamens  in  us- 
ually two  regularly  al- 
ternating whorls ;  the 
number  of  stamens  in 
the  outer  whorl  is  fre- 
quently increased  by 
duplication ;  the  number 
of  the  stamens  is  fre- 
quently reduced  by  sup- 
pression. Ovary  usually  trimerous,  unilocular,  with  a  single  basal 
orthotropous  ovule.  The  fruit  is  more  or  less  enveloped  by  the 
persistent  perianth  (Fig.  402  C).  The  seed  contains  endosperm, 
in  which  the  straight  or  curved  embryo  is  imbedded.  The  leaves 
have  sheathing  bases,  and  connate  stipules  (Fig.  402  A),  forming 
an  oerea  (see  p.  48)  which  embraces  the  stem  for  some  distance 
above  the  leaf -sheath  (absent  in  Eriogonum). 

This  order,  like  the  Lauraceag,  is  commonly  placed  in  the  Monochlamydea?, 
and  the  interpretation  of  the  two-whorled  perianth  presents  the  same  difficulty 


Fig.  402.— 4  Portion  of  the  stem  (s)  of  Polygonm, 
with  a  leaf  (b),  its  sheath  (»),  and  the  ocrea  (o)  (nat. 
size).  B  Flower  of  Rheum  :  fc  external,  c  internal 
perianth-whorl ;  a  the  stamens.  C  Fruit  of  Rumex, 
enclosed  by  the  inner  whorl  of  the  perianth  c ;  s  dorsal 
ridge  of  one  of  the  perianth-leaves ;  /:  external  peri- 
anth-leaves. D  fruit  of  Rheum  (/) :  fc  outer,  c  inner 
perianth-whorl  (enlarged). 
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and  may   be   regarded    from  the   two  points    of    view  in    both   orders    (see 
Lauraceae). 

The  typical  structure  of  the  flower  is  to  be  found  in  the  genus  Pterostegia. 
As  regards  the  perianth,  it  is  dimerous  in  Oxyria,  it  is  5-leaved  in  most  species 
of  Polygonum,  in  Coccoloba,  Muehlenbeckia,  etc.,  and  is  apparently  quincuncial 
(f) ;  however,  the  development  of  the  flower  shows  that  this  is  not  really  the 
case,  but  that  it  is  the  result  of  reduction  by  the  absence  of  the  anterior  seg- 
ment of  the  inner  perianth-whorl :  it  may  be  mentioned  further  that  when  the 
perianth  is  trimerous,  there  is  (if  any)  but  a  single  prophyllum,  whereas  when  it 
is  pentamerous  there  are  two  prophylla.  As  regards  the  andrcecium,  in  a  trimer- 
ous flower,  only  a  single  whorl  of  stamens  may  be  developed  ;  either  the  outer 
(e.g.  Rumex,  Koenigia,  as  also  in  the  dimerous  flower  of  Polygonum  diospyri- 
foluim),  or  the  inner  (Leptogonum).  Duplication  obtains  in  the  single  whorl  of 
stamens  of  Rumex  and  Polygonum  diospyrifoUum,  and  in  the  outer  whorl  of 
many  genera,  in  which  either  all  the  typical  number  of  stamens  are  duplicated 
{e.g.  Rheum,  Oxyria),  or  some  only  {e.g.  species  of  Polygonum,  in  which  also 
suppression  is  frequent).  It  is  important  to  note  that  the  number  (usually  5-8) 
of  stamens  in  a  flower  with  a  pentamerous  perianth  bears  no  direct  relation  to 
the  number  of  the  perianth-leaves ;  whereas  in  dimerous  flowers  the  number  of 
the  stamens  is  a  multiple  of  2.  In  some  rare  cases  the  number  of  the  stamens 
is  large  (12-50).  When  two  whorls  of  stamens  are  present,  the  outer  being  dupli- 
cated, it  is  frequently  the  case  {e.g.  species  of  Polygonum)  that  the  anthers  of 
the  external  stamens  are  introrse  and  those  of  the  inner  stamens  extrorse. 
The  gynsBceum  is  sometimes  dimerous  when  the  perianth  is  pentamerous  {e.g. 
Polygonum  orientale,  ampJiibium  and  other  species)  ;  always  when  the  perianth 
is  dimerous.  The  endosperm  is  sometimes  ruminated  (Coccoloba).  The  British 
genera  are  the  following :— Polygonum,  the  Bistort  or  Knot-Grass,  of  which 
there  are  many  species  {e.g.  Bistorta,  Hydropiper,  Persicaria,  amphibium,  avi- 
culare,  Convolvulus) ;  Rumex,  the  Doqk  or  Sorrel,  the  leaves  of  which  contain 
a  large  quantity  of  oxalic  acid  ;  Oxyria,  the  Mountain  Sorrel. 

The  most  important  economic  plants  are : — Rheum,  the  Rhubarb ;  the 
Rhubarb  of  the  pharmacopoeia  is  obtained  from  R.  palmatum  tixngntlcum  and 
R.  officinale  (China) ;  the  garden  Rhubarbs  are  R.  rhaponticum  and  undulatum  : 
Fagopynim  esculentum,  the  Buckwheat, 

Order  6.  Ceratophyllace^.  Submerged  water-weeds  of  doubtful 
affinity,  with  whorled  sessile  leaves  dichotomously  branched  and 
subdivided ;  in  the  axils  of  some  of  these  the  diclinous  flowers 
occur.  The  ^  flowers  consist  of  from  6-12  perianth-leaves  and 
about  as  many  stamens  ;  the  ?  flowers  have  a  similar  perianth  and 
a  monoraerous  ovary  with  a  single  suspended  orthotropous  ovule : 
seed  with  endosperm. 

Ceratophyllum  demersum  and  suhmersxim  occur  submerged  in  ponds  and 
ditches.  Pollination  takes  place  under  water,  and  in  correlation  with  this  the 
wall  of  the  pollen-grain  is  not  cuticularised  (see  p.  434). 

Cohort  III.    Caryophyllales.    Flowers  cyclic, generally  actino- 
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morphic  and  pentamerous,  sometimes  monochlamydeous :  calyx 
often  gamosepalous :  stamens  usually  definite :  ovary  unilocular, 
with  basal  placenta  :  seed  with  perisperm. 

Order  1.  CaryophyllacevE.  Flowers  generally  pentamerous,  with 
calyx  and  corolla,  though  the  latter  is  suppressed  in  some  cases ; 
sepals  distinct  or  coherent :  stamens  in  two  whorls  (see  p.  503), 
of  which  the  inner  is  often  wanting ;  ovary  2-,  3-,  or  5-merous,  uni- 
locular, or  multilocular  at  the  base,  with  a  central  placenta  or 
with  a  single  basal  ovule  :  fruit  usually  a  capsule  :  leaves  opposite, 
decussate :  stems  usually  tumid  at  the  nodes. 

Tribe  1.  Alsinece.  The  corolla  and  the  inner  whorl  of  stamens  are  usually 
present ;  the  calyx  is  eleutherosepalous  ;  fruit  a  capsule ;  usually  no  stipules. 

The  British  genera  are  Sagina 
(Pearl-wort),  Arenaria  (Sand- 
wort), Cerastium,  Stellaria 
(Chick-weeds  and  Stitch-worts), 
Spe  rgula  ( Spurrey )  ,Lepigonum , 
Holosteum,  Muenchia  ;  they 
are  mostly  small  herbaceous 
plants  with  white  petals,  occur- 
ring in  meadows,  on  roadsides, 
etc.,  but  species  of  Lepigonum 
(Spergularia),  the  Sandwort- 
Spurrey,  and  Arenaria  (Hone- 
Icemja)  peploides,  Sea-Purslane, 
grow  on  the  sea-coast  ;  they 
are  distinguished  from  each 
other  principally  by  the  number 
of  carpels  present,  and  by  the 
mode  of  dehiscence  of  the  fruit. 

Tribe  2.  Silenece.  The  corolla 
and  the  inner  whorl  of  stamens 
are  always  present :  the  calyx  is  gamosepalous ;  stamens  10,  filaments  connate 
at  base :  the  fruit  is  a  capsule  (in  Cucubalus  a  berry) :  the  leaves  have  no 
stipules ;  the  floral  axis  is  often  elongated  between  the  calyx  and  the  corolla 
(Fig.  403  y) :  the  petals  (as  in  Lychnis  and  Saponaria)  often  have  ligular  ap- 
pendages (Fig.  403  X  :  see  p.  515). 

The  species  of  Dianthus,  the  Pink,  which  commonly  occur  wild  are  I),  deltoide^, 
D.  ctnsim  and  D.  Armeria ;  D.  Carynphiflliis,  the  Carnation,  and  D.  chinensis, 
are  well-known  garden  flowers :  there  are  two  styles,  and  the  calyx  is  sur- 
rounded at  its  base  by  bracteoles.  The  genus  Saponaria  has  two  styles  but  no 
bracteoles  ;  S.  officinalis,  the  Soap-wort,  occurs  on  the  banks  of  rivers.  The 
genus  Silene  (Catchfly)  has  three  styles ;  S.  inflata,  nutam,  and  others,  are 
common  in  meadows.  The  genus  Lychnis  (Campion)  has  five  styles ;  the 
species  alha  {vespertina)  and  diurna  are  dioecious;  L.  GiUiago,  the  Coru-cockle, 
is  common  in  fields. 


Fig.  403. — Longitudinal  section  of  the  flower  of 
Lychnis  Flos  Jovis:  y  prolonged  axis  (anthophore; 
see  p.  494)  between  the  calyx  and  the  corolla ; 
X  ligular  appendages  or  corona.    (After  Sachs.) 
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Tribe  3.  Polycarpece.  Leaves  Avith  scarious  stipules  :  calyx  eleutherosepalous ; 
the  corolla  is  present,  but  the  inner  wborl  of  stamens  is  wanting :  style  3-fid. 
Tbis  group  includes  the  British  genus  Polycarpon  (Allseed)  and  others. 

Tribe  4.  Paronychiecs. .  Sepals  distinct  or  coherent :  the  corolla  and  the  inner 
whorl  of  stamens  are  usually  wanting :  style  usually  bifid :  ovary  unilocular, 
with  1-4  ovules  :  fruit  generally  indehiscent. 

The  British  genera  are  Scleranthus  (Knawel),  Herniaria,  Corrigiola  (Strap- 
wort),  and  Illecebrum:  they  are  small  inconspicuous  herbs,  with  scarious 
stipules  (except  Scleranthus). 

The  Paronychieae  have  also  been  placed,  as  a  distinct  natural  order  Illece- 
BRACE^.,  among  the  Monochlamydese.  There  is  no  doubt  that  they  have 
affinities  with  the  Chenopodiales,  and  that  they  thus  connect  that  cohort  with 
the  Caryophyllaceae. 

Order  2.  Portulacej:.  Calyx  usually  of  2  sepals  and  corolla  of 
5  petals:  stamens  usually  5,  antipetalous  :  ovary  usually  trimerous 
and  unilocular ;  fruit  a  capsule.  They  are  herbs  with  alternate  or 
opposite  leaves ;  the  corolla  is  fugacious. 

The  structure  of  the  flower  is  essentially  the  same  in  this  order  as  in  the 
Chenopodiales,  with  the  addition  of  a  calyx  of  two  antero-posterior  sepals. 

Portiilaca  oleracea,  the  Purslane,  from  Southern  Europe,  and  other  species 
are  cultivated  as  vegetables  and  as  ornamental  plants.  Montia  (Blinks)  has  an 
irregular  (apparently  gamopetalous)  corolla;  it  grows  in  ditches  or  in  damp 
places.  In  the  genus  Lewisia  there  are  4-8  sepals,  8-16  petals,  and  indefinite 
stamens. 

Order  3.  AizoacevE  (Ficoide^).  Flowers  with  a  simple  perianth, 
and  usually  indefinite  stamens,  the  more  external  of  which  are 
often  transformed  into  petaloid  staminodes:  ovary  multilocular, 
sometimes  inferior. 

This  order  has  marked  affinities  with  the  Phytolaccaceae  and  the  Nyctaginaceae, 
so  that  it  is  sometimes  placed  among  the  Monochlamydeffi ;  but  the  occurrence 
of  forms  with  petaloid  staminodes  justifies  the  position  in  which  it  is  here  placed. 
It  is  of  special  interest  inasmuch  as  it  well  illustrates  the  evolution  of  the 
dichlamydeous  from  the  monochlamydeous  type  of  flower,  with  multiplication 
of  the  sporophylls  and  the  gradual  metamorphosis  of  the  more  external  of  them 
into  petaloid  staminodes  which  are,  in  fact,  primitive  petals. 

Mesembryanthemum  is  the  genus  with  an  inferior  ovary :  it  has  fleshy  leaves 
and  conspicuous  flowers ;  many  species  are  cultivated ;  it  comes  from  South 
Africa. 

Cohort  IV.  Parietales.  Flowers  cyclic,  with  calyx  and  corolla : 
sepals  free :  stamens  definite  or  indefinite :  gynseceum  of  two  or 
more  carpels :  ovary  unilocular,  sometimes  many-chambered,  with 
parietal  placentation  :  seed  with  or  without  endosperm. 

Order  1.     PAPAVERACEiE.      Flowers  usually  actinomorphic,  K2, 
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C2  +  2,  Aoz  ,  G^-  or  (oc  ),  or  rarely  with  triraeroas  whorls  :  calyx 
sepaloid,  corolla  petaloid :  the  numerous  whorls  of  stamens  alter- 
nate :  ovary  of  two  lateral  carpels  or  of  more  (Fig.  404  a),  two- 
or  more-chambered :  ovules  numerous,  attached  to  the  more  or 
less  infolded  edges  of  the  carpels :  endosperm  abundant,  embryo 
small.  The  sepals  commonly  fall  off  before  the  flower  expands 
(Fig.  404  A-).     Plants  with  abundant  milky  latex. 


Papaver,  the  Poppy,  has  a  many-chambered  ovary ;  the  fruit  is  a  porous 
capsule  (Fig.  342  D)  :  P.  somniferum  is  cultivated  for  the  sake  of  the  oil  con- 
tained in  the  seeds,  and  for  the  latex  obtained  from  its  capsules,  which,  when 
inspissated,  constitutes  opium :  several  species  are  British,  such  as  P.  Rhveas, 
the  Field  Poppy;  P.  Argemone,  the  Pale  or  Long  Prickly-headed  Poppy;  P. 
hybridum,  the  Bound  Prickly-headed  Poppy  ;  P.  dubium,  the  Long  Smooth- 
headed  Poppy ;  and  Meconopsis  cambrica,  the  Yellow  Welsh  Poppy.  C helidormun 
inaJHs,  the  Celandine,  has 
two  carpels,  a  siliquose 
fruit,  and  orange-coloured 
milky  latex.  Glaucium, 
the  Horned  Poppy,  has  a 
siliquose  fruit  which  is 
generally  spuriously  bilo- 
cular.  Eschscholtzia  call- 
fornica  is  a  cultivated 
plant ;  it  has  a  hollow  re 
ceptacle,  so  that  its  flowers 
are  almost  perigynous. 

Order  2.  Fumaki- 
kCEJE.  Flowers  isobi- 
laterally  symmetrical, 
or  zygomorphic  with 
lateral  symmetry: 
floral  formula  K2,  (72  +  2,  il2-l-2,  G'^'.  The  three  whorls  of  the 
perianth  alternate ;  one  of  the  outer  petals  (rarely  both)  is  usually 
furnished  with  a  spur :  in  most  genera  there  are  three  stamens  on 
each  side,  a  central  one,  with  a  perfect  anther  (the  stamen  of  the 
outer  whorl.  Fig.  405  5  a),  and  two  lateral  stamens,  each  with  only 
half  an  anther  (apparently  the  halves  of  the  stamens  of  the  inner 
whorl;  Fig.  405  Ba,a^.  The  fruit  is  siliquose  and  many-seeded, 
or  one-seeded  and  indehiscent.  Herbaceous  plants  without  milky 
latex,  sometimes  climbing  by  means  of  their  petioles  which  act  as 
tendrils  (Adlumia,  Fumaria).     Seeds  containing  endosperm. 


Fig.  404.  —  Flower  of  Chelidanium  majus  (nat.  size); 
fc  calyx  ;  ca  outer,  ci  inner  petals  ;  a  stamens  ;  n  stigma. 
A  Diagram  of  the  flower  of  Chelidonium.  a  Many- 
chambered  ovary  of  Papaver. 


The  flowers  of  Adlumia,  Dicentra,  and  Hypecoum  are  isobilaterally  symmet- 
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rical.  Dicentra  spectabilis  is  a  favourite  ornamental  plant ;  both  the  outer  petals 
are  spurred,  the  two  inner  petals  are  hollowed  at  their  apices,  so  that  they 
completely  enclose  the  anthers.  In  Hypecoum  the  flower  is  isobilaterally  sym- 
metrical, but  the  petals  are  not  spurred,  and  there  are  four  stamens,  two  lateral 
forming  the  outer  whorl,  and  two  antero-posterior  forming  the  inner  whorl : 
fruit  usually  indehiscent.      In  Corydalis  and  Fumaria  only  one  of  the  outer 


Fig.  405. — A  Flower  of  Dicentra  spectahilis -.  one  of  the  outer  petals  is  removed:  s  pedicel; 
ca  the  outer,  ci  the  inner  petals ;  /  stamens.  B  The  three  stamens  of  one  side,  seen  from 
within :  /filaments ;  a  the  middle  complete  anther ;  a^  a,  the  lateral  half-anthers.  C  Flower- 
bud,  with  the  sepals,  which  soon  fall  off,  still  adhering  (fc)';  (nat.  size).  Diagram  of  Fumi- 
tory. 

petals  is  spurred,  and  consequently  the  flower  is  irregular  and  laterally  zygo- 
morphic.  In  Corydalis  the  fruit  is  a  two-valved  capsule  with  numerous  parietal 
seeds  :  some  species,  e.g.  C.  cava  and  solida,  have  a  tuberous  rootstock ;  others, 
as  C.  lutea  and  aurea,  have  rhizomes.  Fumaria  officinalis  and  others  (Fumi- 
tories) are  common  in  fields ;  the  ovaries  contain  but  few  ovules,  and  of  these 
only  one  ripens  to  a  seed ;  fruit  globose,  indehiscent. 

Order  3.     Cruciferj;.     Flowers  regular,  isobilateral :  floral  for- 
mula K'2  +  2,  (7x4,^2  +  2-,  &^l     The  four  petals  form  a  whorl, 
alternating  with  the  four  sepals  as  if  the  latter  formed  one  whorl ; 
^  there  are,  however,  three  perianth- whorls,  as 

in  the  two  preceding  families ;  but  whereas 
in  them  only  the  outermost  whorl  is  sepa- 
loid,  in  this  family  the  two  outer  whorls 
are  sepaloid,  and  the  innermost,  which  alone 
is  petaloid,  is  a  whorl  consisting  of  four 
instead  of  two  members.  The  two  outer 
Fig.  406.— Diagram  of  the  stamens  are  lateral,  as  in  those  families  ;  the 
flower  of  Cruciferfe.  ^^^  inner  ones,  which  in  most  Fumariacea) 

are  apparently  divided,  are  here  duplicate,  having  longer  filaments 
(Fig.  407  B  h  h)  than  the  outer  ones  (a)  ;  hence  the  flower  is  tetra- 
dynamous.     There  are  usually  four,  sometimes  more,  glands  at  the 
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base  of  the  stamens  (Fig  ^01  Bd).  The  ovary  consists  of  two 
carpels  with  the  ovules  in  two  longitadinal  rows  on  the  connate 
margins  of  the  carpels ;  these  two  parietal  placentte  are  connected 
by  a  membranous  growth  which,  as  it  is  not  formed  of  the  margins 
of  the  carpels,  must  be  regarded  as  a  spurious  dissepiment  (Figs. 
407  D*  E*v,  342  Civ).  When  the  fruit  opens,  the  pericarp  splits 
into  two  valves  corresponding  to  the  carpels,  leaving  their  mar- 
gins, as  a  frame  or  replurrij  bearing  the  placentae  with  the  spurious 
dissepiment  attached  :  the  seeds  remain  attached  to  them  for  some 
time  (Fig.  342  C,  p.  530). 


FiOi  407.— Flowers,  fruits,  and  embryos  of  various  Cruciferae.  A  Flower  of  Brassica  (nat. 
size) ;  8  pedicel ;  fe  fc  calyx ;  c  corolla.  B  The  same  after  removal  of  the  perianth  (much 
mag.):  a  a  the  two  outer  short  stamens  ;  b  the  four  longer  inner  ones;  /the  ovary  ;  n  the 
Btigma;  d  gland.  CSiliquaof  Brassica:  u  dissepiment.  D  Augustiseptal  siliculaof  Thlaspi. 
E  Latiseptal  silicula  of.  Draba.  1)*  and  JS*  Diagrammatic  transverse  section  of  the  preced- 
ing :  V  dissepiment;  8  seed.  F  Indehidcent  silicula  of  Isatis.  G  Jointed  siliqua  of  Raphanus 
Rnphanistrum :  g  style ;  III  separate  segments.  K-H  Diagrams  of  differently-folded 
embryos,  with  transverse  sections :  r  radicles ;  c  c  cotyledons. 

The  flowers  are  in  racemes  in  which  the  bracts  are  suppressed ; 
when  the  lower  pedicels  are  longer  than  the  upper  ones,  the  raceme 
becomes  a  corymb,  and  then  the  lower  flowers  are  usually  zygomor- 
l)hic,  the  petals  turned  towards  the  periphery  being  larger  than 
those  directed  towards  the  axis  of  the  inflorescence,  as  in  Iberis. 

The  form  of  the  fruit  is  of  importance  in  the  subdivision  of  this 
order.     In  some  genera  it  is  much  longer  than  it  is  broad,  when  it 
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is  termed  a  siliqua,  (Figs.  407  C,  842  C)  ;  in  others,  it  is  not  much 
longer,  or  about  as  long  as  it  is  broad,  when  it  is  termed  a  silicula 
(Fig.  407  D  and  E).  The  latter  is  commonly  somewhat  com- 
pressed in  one  direction ;  either  parallel  to  the  dissepiment,  that  is 
to  say  laterally  (Fig.  407  E  and  E*),  so  that  the  dissepiment  lies 
in  the  direction  of  the  greatest  diameter,  when  it  is  latiseptal ;  or 
perpendicularly  to  the  dissepiment,  that  is  in  the  median  plane, 
so  that  the  dissepiment  lies  in  the  narrowest  diameter,  when  it  is 
angustiseptal  (D  and  Z)*).  Fruits  wdth  only  one  or  a  few  seeds,  and 
which  are  indehiscent,  are  confined  to  only  a  few  genera,  such  as 
Isatis  (Fig.  407  F).  So  likewise  is  the  jointed  siliqua,  which  has 
transverse  dissepiments  between  the  seeds ;  when  they  are  ripe  it 
divides  transversely  into  segments,  as  in  Raphanus  (Fig.  407  G). 

The  seed  is  exalbuminous.  The  embryo  is  folded  in  the  seed 
in  various  ways ;  the  radicle  may  lie  in  the  same  plane  as  one  of 
flat  cotyledons  (Fig.  407  K),  when  the  cotyledons  are  said  to  be 
incumbent,  Notorhizece  (the  diagram  being  O  ||)  ;  or  the  radicle 
may  occupy  the  same  position,  the  cotyledons  being  folded  (Fig. 
407  /),  when  the  cotyledons  are  said  to  be  incumbent  and  folded, 
Orthoplocece  (diagram  of  section  O  ^)  ;  or,  thirdly,  the  radicle  may 
be  lateral  to  the  two  cotyledons  (Fig.  4:07  H),  when  the  cotyledons 
are  said  to  be  accumbent,  Pleurorhizeoi  (diagram  O  =)  :  more 
rarely  the  cotyledons  are  spirally  rolled  so  that  in  a  transverse 
section  they  are  cut  through  twice,  Spirolobece  (diagram  O  ||  ||)  ; 
or,  finally,  they  may  be  doubly  folded,  and  be  seen  four  times  in 
a  section,  Diplocolobece  (diagram  O  ||  ||  ||  ||).  The  seeds  contain 
much  fatty  oil. 

Sub-order  1.     Siliquos/E.    Fruit  a  siliqua,  much  longer  than  it  is  broad. 

Tribe  1.  Arabidece.  Q  =.  Cheiranthus  Cheiri,  the  Wall-flower,  and  Matthiola 
annua  and  iiicana,  the  Stocks,  are  cultivated  as  garden-plants.  Nasturtium 
officinale  is  the  Water-cress.  Barharea  vulgaris  is  the  Yellow  Kocket.  Carda- 
mine  (incl.  Dentaria)  also  belongs  to  this  tribe. 

Tribe  2.  Sisymhriece.  Q  !!•  Sisyrnbrium  officinale,  the  Hedge-Mustard,  is 
common  on  rubbish  heaps ;  ami  Erysimum,  the  Treacle-Mustard,  on  walls,  etc. 
Hesperis  is  the  Dame's  Violet. 

Tribes.  Brassicea.  0\'  The  species  and  varieties  of  Brassica  are  much 
cultivated.  Brassica  oleracea  is  the  Cabbage,  with  the  following  varieties; 
acephala,  Scotch  kale.  Cow-cabbage  or  Borecole ;  bullata,  the  Savoy-cabbage ; 
capitata,  the  red  and  white  Cabbage ;  caulorapa,  with  the  stem  swollen  at  the 
base,  is  the  Kohl-rabi ;  Botrytis,  with  connate  fleshy  peduncles  and  abortive 
flowers, is  the  Broccoli  {asparagoides)  and  the  Cauliflower  {caulijiora)\  gemmifera, 
with  numerous  lateral  leaf-buds,  known  as  Brussels-sprouts.  Brassica  cam- 
pestiis  is  the  wild  Navew ;  it  includes  the  following  sub-species :   Rapa,  the 
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wild  Turnip,  with  bright  green  hispid  leaves  and  flat  corymbs  of  flowers,  among 
the  cultivated  varieties  of  which  is  the  var.  depressa,  the  Turnip :  Napus,  the 
wild  Kape,  with  glabrous  glaucous  leaves  and  long  racemes  of  flowers,  several 
varieties  of  which  are  cultivated  for  their  oily  seeds,  and  one  (var.  esculenta, 
the  Teltow  Turnip)  for  its  fleshy  root :  Napobrassica,  the  Turnip-cabbage, 
including  Butahaga,  the  Swedish  Turnip.  B.  campestris  oleifera  is  the  true 
Colza  or  Coleseed,  from  the  seeds  of  which  colza-oil  is  obtained.  BrasHca 
(Sinapis)  nigra  and  alha  are  the  black  and  white  Mustard.  Brasnca  Sinapis 
{Sinapis  arvensis)  is  the  Charlock  or  Corn-Mustard.  To  this  tribe  belongs  also 
the  genus  Diplotaxis. 

Sub-order  2.     Siliculosje.     Fruit  a  silicula. 

A.  Ladsepta.     The  dissepiment  is  iu  the  longest  diameter  of  the  silicula. 
Tribe  4.    Alyssiuea.     Q   "•     Gochlearia   officinalis  is  the  Scurvy-grass;  C. 

Armoracia,  the  Horse-radish,  has  a  thickened  root.  Alyssuni  calycinum  and 
Draha  (Erophila)  verna,  the  Whitlow-grass  (Fig.  407  E),  are  common  weeds: 
Lunaria  biennis  is  Honesty. 

Tribe  5.  Camelinece.  Q)  W  .  To  this  tribe  belong  Camelina  (Gold-of- pleasure), 
and  Subularia,  the  Awl-wort,  an  aquatic  plant. 

B.  Angustisepfce.    The  dissepiment  is  in  the  shortest  diameter  of  the  silicula. 
Tiibe  6.    Lepidinece.    Q  "  •    Capsella  Bursa  Pastoi'is,  the  Shepherd's  Purse, 

is  common,  as  also  various  species  of  Senebiera  and  Lepidium  (Cresses). 

Tribe  7.  Thlispideoe.  Q  —'  Various  species  of  Thlaspi,  the  Penny-Cress, 
are  common.  To  this  tribe  belong  also  the  British  genera  Iberis  (Candytuft), 
Tee«dalia,  andHutchinsia. 

Sub-order  3.     Nucumentace.e.     Silicula  indehiscent,  few-seeded. 

Tribe  8.  Isatidea.  Isatis  tinctoria,  the  Woad,  has  compressed,  pendulous, 
unilocular,  one-seeded  fruits  (Fig.  407  F)  :  the  leaves  yield  a  blue  dye. 

Sub-o'der  4.  Lomextace-i:.  Fruit  a  siliqua  or  silicula,  constricted  into  one- 
seeded  segments  (lomentaceous)  (Fig.  407  G). 

Tribe  9.  Cakilinece.  Silicula  two-jointed. 
This  tribe  contains  the  genera  Cakile,  the  Sea- 
Rocket,  and  Crambe,  the  Sea-Kale. 

Tribe  10.  liaphanecc.  Silicula  more  or  less 
moniliform.  Raphanux  sativus  is  the  Radish  ; 
R.  Raphanistruin,  the  Wild  Radish  or  White 
Charlock,  is  a  common  weed. 

Order  4.  CAPPARiDACEiG.  Flower  iso- 
bi lateral ;  formula  K2  +  2,  (7x4,  A2  + 
2^  or  X  ,  (3"^  or  x  :  stamens  4  or  more, 
when  6  very  rarely  tetradynamous  : 
gynaeceum  borne  on  a  special  prolono^a-         ^'®*  408.— Flower  of  Capparis 

,'  c    iv  •       /  1  .rx-\        spinosa  (nat.  size) :«  pedicel ;    fc 

tion   of    the    axis     (gynophore,     p.    49o)        ealyx;  c  corolla;    a  stamens;  / 

(Fig.  408  t).    Fruit  a  siliqua  or  a  berry.      KynKceum  on  (0 gynophore. 

The  flower-buds  of  Capparis  spinosa  from  the  South  of  Europe  are  known  as 
Capers. 
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Order  5.  ResedacetE.  Flowers  irregular,  dorsiventral :  sepals 
and  petals  5-8,  the  latter  laciniate :  stamens  numerous :  carpels 
2-6  connate,  forming  a  unilocular  ovary,  open  at  the  apex,  with 
numerous  ovules ;  seed  without  endosperm :  inflorescence  a 
raceme,  without  bracteoles. 

Reseda  Luteola,  the  Dyer's  Weed,  or  Weld,  yields  a  yellow  dye  ;  R.  odorata  is 
Mignonette. 

Order  6.  Cistacej:.  Flowers  usually  actinomorphic  and  penta- 
merous  :  the  two  external  of  the  five  sepals  are  generally  smaller, 
and  sometimes  they  are  absent :  stamens  numerous,  in  conse- 
quence of  multiplication :  carpels  3-10,  forming  a  uni-  or  multi- 
locular  ovary ;  ovules  orthotropous ;  seed  with  endosperm. 
Trees  or  shrubs  with  generally  opposite  stipulate  leaves. 

Cistus  has  5-10  carpels  forming  a  chambered  or  completely  multilocular  ovary. 
Cistus  ladaniferus,  creticus,  and  other  species,  grow  in  the  south  of  Europe ; 
a  balsam  is  derived  from  tbem.  Helianthemum  has  a  unilocular  trimerous 
ovary :  Helianthemum  vuJgare,  the  Eock  Kose,  is  an  under-shrub  which  grows 
wild  on  dry  soils. 

Order  7.  Bixace^.  The  seed  of  Bixa  orellana,  a  native  of 
America,  yields  an  orange-coloured  dye  known  in  commerce  as 
Annatto. 

Order  8.  Violace^e.  Floral  formula  J^5,  C5,  45,  G^^ :  flowers 
always    borne  laterally :    ovules    anatropous  :  fruit   a  loculicidal 

capsule  (Fig.  409  (7):  seed 
with  endosperm.  The 
indigenous  species  have 
irregular  dorsiventral 
flowers  ;  the  anterior  in- 
ferior petal  is  prolonged 
into  a  hollow  spur  (Fig. 
409  A  cs)  in  which  the 
nectar  secreted  by  the 
spur-like  appendages  of 
the  two  lower  stamens 
collects  (Fig.  409  A  fs). 
The  sepals  are  produced 
at  the  base  (Fig.  409 
A  Is). 

Viola  is  the  Violet,  Pansy,  or  Heart's-ease  :— many  species,  as  V.  odorata,  the 
Sweet  Violet,  have  only  an  underground  stem  which  bears  cataphyllary. leaves, 


Fig.  409. — Viola  tricolor.  A  Longitudinal  section  of 
flower:  V  bracteole  on  the  peduncle;  I  sepals  ;  Is  ap- 
pendage; c  petals  ;  cs  spur  of  the  lower  petals;  /s 
glandular  appendage  of  the  lower  stamens;  o  an- 
thers (after  Sachs).  B  Ripe  fruit ;  fc  calyx.  C  After 
dehiscence:  p  parietal  placentae ;  steeds.    (Mag.) 
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and  which  throws  up  petiolate  foliage-leaves,  and  bracteolate  peduncles  each 
bearing  a  single  flower :  V.  odorata  has  runners,  but  hirta  and  colliva  have 
none:— in  others,  as  V.  canina,  the  Dog- Violet,  the  main  stem  is  above  ground 
and  bears  the  foliage-leaves  : — in  V.  mirabilis  these  two  forms  are  so  combined 
that,  in  the  spring,  flowers  are  developed  from  the  rhizome  which  have  large  blue 
petals  but  are  always  sterile ;  it  is  not  till  later  that  inconspicuous  (cleistoga- 
mous,  p.  453)  flowers  with  minute  petals  appear  on  the  leafy  stem,  and  these 
only  are  fertile: — in  V.  tricolor  and  its  allies  the  stipules  are  leafy  and 
pinnatifid. 

Cohort  V.    Sarraceniales.     Flowers  regular,  generally  actino- 
morphic,  sometimes  monochlamydeous  :  stamens  often  numerous, 
ovary  syncarpous,    uni-    or  multi-locular ;    placentation    various; 
seeds    many,    with    endosperm ; 
leaves  adapted  in  various  ways 
for  the  capture  of  insects. 

Order  1.  Sarraceniace^. 
Flowers  J ,  usually  dichlaray- 
deous,  hemicyclic  :  stamens  1 5 
or  more  :  ovary  either  unilocular 
and  more  or  less  chambered,  or 
3-  or  5-locular ;  placentation  pa- 
rietal or  axile  :  leaves  pitchered 
(Fig.  410). 


This  order  includes  the  three  her- 
baceous genera  Sarracenia,  Darling- 
tonia,  and  Heliampbora.  Tbe  two 
former  have  pentamerous  dicblamy- 
deous  flowers,  each  borne  singly  on  a 
peduncle ;  the  sepals  and  petals  are 
in  §  arrangement,  and  the  stamens 
are  indefinite  in  Sarracenia  and  15  in 
Darlingtonia ;  carpels  5,  antisepalous 
in  Sarracenia,  antipetalous  in  Dar- 
lingtonia :  they  grow  on  moors  and 
marshes  in  North  America.  Heliam- 
pbora bears  its  flowers  in  racemes ; 
the  flower  has  a  simple  petaloid  peri- 
anth, indefinite  stamens,  and  a  trilocular  ovary;  it  is  a  native  of  British 
Guiana. 

Order  2.  Nepenthacej:.  Flowers  dioecious,  monochlamydeous, 
tetraraerous  :  stamens  generally  4-16,  coherent  into  a  central 
column  :  ovary  quadrilocnlar,  with  axile  or  somewhat  supertioial 
placentation:  leaves  pitchered  (Fig.  37,  p.  58). 

V.  s.  B.  R  R 


Fig.  410,— Leaves  and  flowers  of  Sarro- 
cenia  purpurea  {\):  the  leaf  to  tbe  lert  has 
been  cut  across. 
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This  tropical  order  includes  the  single  genus  Nepenthes,  with  about  40 
species,  chiefly  inhabiting  the  Malay  Archipelago,  but  extending  to  Ceylon, 
Australia,  the  Seychelles,  and  Madagascar :  they  are  mostly  climbing  shrubs 
with  leaf-tendrils. 

Order  3.  Droserace^.  Flowers  ^,  dichlamydeous,  generally 
pentamerous  :  stamens  5  or  5"  :  carpels  2-5 ;  ovary  usually  uni- 
locular with  parietal  placentae  :  leaves  not  pitchered. 

Herbaceous  plants,  constituting  the  six  genera  DionsBa,  Aldrovanda,  Eoridula, 
Byblis,  Drosera  (the  Sundew)  and  Drosophyllum :  in  Dionasa,  Aldrovanda,  and 
Drosophyllum,  the  gynseceum  consists  of  5  antipetalous  carpels,  and  the  ovary 
is  unilocular ;  in  Drosera  and  Eoridula  the  gynseceum  is  usually  trimerous,  the 
ovary  unilocular  in  the  former,  trilocular  in  the  latter ;  in  Byblis  it  is  dimerous 
and  bilocular.  The  leaf-blade  of  Dionatja  (Venus'  fly-trap)  and  of  Aldrovanda 
is  sensitive  to  touch,  the  two  halves  closing  sharply  along  the  middle  line  when 
irritated :  the  leaves  of  the  other  genera  are  provided  with  irritable  glandular 
tentacles  (see  Figs.  42,  43,  p.  66).  Aldrovanda  {A.  vesiculosa)  is  a  rootless, 
floating  water-plant. 

Cohort  VI.  Guttiferales.  Flowers  usually  cyclic,  generally 
actinomorphic,  and  pentamerous :  sepals  usually  free,  with 
imbricate  aestivation :  stamens  usually  indefinite :  gynaeceum 
syncarpous,  ovary  uni-  or  multi-locular  :  seed  exalbuminous. 

Order   1.      Hypericace^.     Formula   usually  Jf5,   05,  y40  +  5Qo, 
0^®' ;  or  ^0  +  3co  ,  (?15)-    Sepals  sometimes  united  at  the  base :  sta- 
mens  usually   indefinite  and   polyadelphous ; 
when  in  five  bundles,  the  bundles  are   super- 
posed on   the   petals ;    this    position    of    the 
stamens  is  generally  attributed    to  the    sup- 
pression of  an  outer  whorl  of  stamens  which 
is  indicated  by  staminodes  in   species  of  all 
the  genera  :    ovary  uni-  or   multi-locular,  or 
Fig.  411.  —  Diagram  of      many- chambered  ;    capsule  septicidal ;    ovules 
Hypericum.  numerous,    anatropous ;    placentae   parietal  or 

axile.     Herbs  or  under-shrubs  with  decussate  entire  leaves,  which 
are  dotted  over  with  translucent  oil-glands ;  exstipulate. 

The  following  are  examples  of  the  different  relative  numbers  of  staminal 
bundles  and  of  carpels  : — 

Staminal  bundles  5,  carpels  5  :  Hypericum  calycinum. 

Staminal  bundles  3,  carpels  3  :    H.  humifusum^  hirsutum,  montanum,  per- 

foratum,  undulatHm,  barbatum. 
Staminal  bundles  5,  carpels  3  :  H.  Androsamum,  hircinum,  elatum. 
Staminal  bundles  3,  carpels  6  :  H.  peplidifolium. 
All  these  species,  except  the  last  (St.  John's  Worts,  or  Tutsans),  occur  wild  in 
Britain. 
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Order  2.  Tamaricacej;.  Flowers  4-  or  5-merous,  with  one  or 
two  whorls  of  stamens :  calyx  gamosepalous :  ovary  usually  tri- 
merous,  unilocular,  with  basal  or  parietal  placentation  :  capsule 
loculicidal  :  seeds  with  hairs :  flowers  in  racemes  or  spikes. 

This  order  inclades  the  shrubs  known  as  Tamarisks :  Myricaria,  Tamarix, 
Reaumuria,  and  Fouquiera.  Myricaria  (Tamarix)  germanica  has  monadelphous 
stamens.     Tamarix  galUca  (or  T.  anglica)  has  become  naturalised  in  England. 

Closely  allied  with  this  order  and  with  the  Elatinaceae  is  the  small  order  of 
Frankeniace^  ;  the  flower  resembles  that  of  Tamarix  in  the  gamosepalous 
calyx  and  in  the  morphology  of  the  gynaeceum  :  Frankenia  lavis,  the  Sea-Heath, 
occurs  in  salt-marshes  in  Britain. 

Order  3.  ELATiNACEiE.  Small  water-plants,  with  entire  stipulate 
leaves  opposite  or  in  whorls :  flowers  3-4-merous  ;  formula  Xn, 
On,  ^n  +  n,  (?'-* ;  solitary,  without  bracteoles,  borne  in  the  axils  of 
the  foliage-leaves :  ovary  raultilocular. 

E.  hexandra  and  Hydropiper  (Waterworts,  or  Water-peppers)  occur,  but  not 
commonly,  on  the  margins  of  lakes  in  England. 

Order  4.  Ternstrcemiace^.  Perianth  spiral ;  the  calyx  is  not 
clearly  distinguishable  from  the  numerous  bracteoles :  stamens  in- 
definite :  ovary  multilocular.  Trees  or  shrubs  with  scattered, 
generally  coriaceous,  entire  leaves,  without  stipules. 

Camellia  japonic  a  is  a  favourite  ornamental  shrub :  Thea  chinensis,  of  which 
the  dried  leaves  are  tea ;  black  and  green  tea  are  varieties  resulting  only  from 
the  mode  of  drying  the  leaf. 

Order  5.  Clusiacej:  (Guttifer^).  Trees  or  shrubs  with  di- 
clinous flowers. 

Order 6.  Dipterocarpacej).  Trees:  leaves  usually  stipulate: 
the  gamosepalous  calyx  enlarges  very  much  during  the  ripening  of 
the  fruit. 

Dryobalanops  Camphora,  a  native  of  Sumatra,  yields  the  Borneo  Camphor. 

Cohort  VII.  Mai  vales.  Flowers  cyclic,  generally  pentamerous 
and  actinomorphic :  calyx  often  gamosepalous,  with  valvate  aesti- 
vation :  corolla  with  usually  contorted  aestivation :  stamens  typi- 
cally in  two  whorls,  frequently  obdiplostemonous,  sometimes 
branched,  and  often  connate  :  carpels  usually  five  and  then  anti- 
petalous,  often  forming  a  multilocular  ovary :  seed  usually  with 
endosperm. 

Order  ].  Tiliacej:.  Sepals  usually  free:  stamens  10  or 
indefinite,  sometimes  polyadelphous  j  in  the  indigenous  species  the 
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staminal  whorl  opposite  to  the  sepals  is  suppressed,  and  there  are 
5  antipetalous  staminal  bandies ;  anthers  4-loeular,  opening  by 
pores  or  valves  :  gynaecenm  usually  completely  synearpous  ;  style 
1 ;  ovary  usually  5-localar,  each  loculus  containing  two  ovules  ; 
but  the  fruit  is  generally  only  one-seeded.  Mostly  trees  or 
shrubs  :  leaves  alternate,  stipulate. 

The  only  indigenous  genus  is  Tilia,  the  Lime-tree.  It  has  oblique  leaves  with 
deciduous  stipules ;  the  annual  shoots  have  not  a  terminal  bud.  The  inflor- 
escence is  cymose,  few- flowered  :  the. 
peduncle  is  adnate  to  the  leafy  bract ; 
this  is  brought  about  in  the  following 
manner :  in  the  axil  of  the  leaves 
there  is  usually  a  bud,  together  with 
an  inflorescence  (Fig.  412) :  the  bract 
(Fig  412  h)  and  the  bud-scale,  which 
is  opposite  to  it,  are  the  first  two 
leaves  of  the  axillary  shoot  which  is 
terminated  by  the  inflorescence,  the 
peduncle  of  which  is  adnate  to  the 
bract  for  some  distance  :  the  bud  is  a 
winter-bud  developed  in  the  axil  of 
the  above-mentioned  bud-scale.  The 
inflorescence  itself  terminates  in  a 
flower ;  other  flowers  are  borne  in  the 
axils  of  its  two  bracteoles,  and  other 
flowers  again  may  be  developed  in  the 
axils  of  their  bracteoles,  and  so  on. 
T.  platyphyllos,  the  large-leafed  Lime, 
hag  a  few-flowered  inflorescence,  and 
leaves  which  are  bright  green  and 
downy  on  the  under  surface :  T.  cor- 
data  has  an  inflorescence  which  con- 
sists of  a  large  number  of  flowers,  and 
has  small  leaves  which  are  bluish- 
green  and  pubescent  with  red  hairs  on 
the  under  surface.  T.  vulgaris  is  the 
common  Lime.  In  the  American 
species  the  innermost  stamens  are 
staminodia.  Corchorus,  in  the  East 
Indies,  yields  Jute,  which  consists  of 
the  bast- fibres. 


Fio.  412.— Inflorescence  of  the  Lime,  Tilia 
platyphyllos:  a  branch;  h  petiole  with 
axillary  bud.  Attached  to  the  peduncle  is 
the  bract  (h) :  k  calyx;  c  corolla;  8  stamens; 
/ovary;  fcn  flower-bud  (nat.  size). 


Order  2.  Sterculiace^e. 
Calyx  gamosepalous :  androecium  obdiplostemonous ;  the  stamens 
which  are  opposite  to  the  petals  are  5  or  multiple,  sometimes 
more  or   less   monadelphous  ;    those  which  are   opposite   to   the 
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sepals  are  starainodes  or  they  are  suppressed :  anthers  4-locular  : 
the  corolla  is  sometimes  wanting :  gynaeceum  usually  syncarpous, 
with  a  single  style  and  a  5-locular  ovary  with  2-co  seeds  in  each 
loculus.     Flowers  sometimes  diclinous  (Sterculieae). 

Theobromo  Cacao  is  a  tree  of  tropical  America,  the  seeds  of  which  contain  a 
nitrogenous  substance  Theobromine  and  a  fixed  oil ;  from  them  Chocolate  is 
prepared.  The  seeds  of  ola  acuminata,  a  tropical  African  tree,  have  similar 
properties. 

Order  3.  Malvace.*:.  Calyx  usually  gamosepalous,  frequently 
invested  by  an  epicalyx  (p.  494)  ;  the  corolla  is  adnate  at  the 
base  to  the  andrcecium  :  the  typically  obdiplostemonous  androe- 


FiG.413.— ^  Flower  of  Mnlva  Alcta  (nat.  size):  fc  calyx;  c  corolla;  s  connate  stamens, 
with  the  anthers  (a) ;  n  stigmata.  B  Fruit  of  Alihaa  rosea  enclosed  in  (fc)  the  calyx:  ak 
epicalyx.  C  The  same  after  the  removal  of  the  calyx.  D  A  single  coccus  of  the  same  in 
longitadinal  section :  a  seed ;  w  radicle ;  ti  cotyledon  of  the  embryo  (mag.)' 

cium  is  a  long  tube  (Fig.  413  A)  consisting  of  fiv^e  monadelphous 
usually  branched  stamens  which  are  opposite  to  the  petals,  each 
branch  bearing  a  bilocular  anther ;  there  is  sometimes  an  inner 
series  of  staminodes  opposite  to  the  sepals :  carpels  5-qo  ;  styles 
many,  connate;  the  gynaBceum  is  sometimes  almost  apocarpous 
(Malopea?) ;  usually  syncarpous  with  a  raultilocular  ovary,  split- 
ting into  cocci  (Fig.  413  G  D),  with  usually  one  ovule  in  each 
coccus  (p.  530),  or  a  loculicidal  capsule  (Hibiscea3),  Under- 
shrubs  or  herbs  :  leaves  stipulate  and  genei*ally  palmately  veined. 

Malva,  the  Mallow,  has  an  epicalyx  of  three  bracteoles,  Hibiscus  has  one  of 
manj  bracteoles,  and  Althaea  has  one  of  G-9  bracteoles :  Althaa  rosea  is  the 
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Hollyhock,  and  A.  officinalis  is  the  Marsh-mallow :  several  species  of  Malva  are 
indigenous,  M.  sylvestris,  rotundifoUa,  and  moschata  :  Gossypium  herbaceum 
(with  the  vars.  religiosuvi  and  hirsutum)  and  G.  arhoreum  in  Egypt  and  the  East 
Indies,  and  G.  harhadense  (with  var.  peruvianum)  in  America,  yield  Cotton, 
which  consists  of  the  long  hairs  on  the  testa  of  the  seed. 


SEEIES  II.— DISCIFLOKiE. 

Flowers  typically  eucyclic  and  generally  pentamerons,  often 
obdiplostemonous :  sepals  free  or  coherent:  petals  in  a  single  whorl: 
stamens  usually  definite,  and  hypogynous:  a  disc  is  usually  present: 
gynaeceum  generally  syncarpous. 

Cohort  I.  Geraniales.  Flowers  usually  pentamerous  through- 
out ;  formula  X5,  (75,  1  A^  +  5,   G''-* ;   generally  obdiplostemonous  : 

the  carpels  are  opposite  to  the  petals  : 
ovary  usually  5-locular,  with  1  or  2 
suspended  ovules ;  the  micro pyle  is 
directed  inwards :  disc  various  or 
wanting. 

Order  1.  GERANiACEiE.  Disc  usually 
represented  by  a  gland  at  the  base  of 
and  outside  each  of  the  antisepaloas 
stamens  :  flowers  usually  actinomor- 
phic  :  stamens  connate  at  the  base  : 
the  carpels  are  prolonged  into  a  car- 
pophore (Fig.  414  A  a)  ;  two  ovules  in 
each  loculus ;  the  fruit  is  septicidal 
from  below  upwards,  the  awns  of  the 
separating  carpels  (cocci)  rolling  up 
(Fig.  414  B).  Seed  devoid  of  endo- 
sperm. Herbs;  leaves  simple,  stipu- 
late. 


B 


Fig.  414.— Fruit  of  Geranium.  A 
Before,  B  after  dehiscence ;  s  pe- 
dicel ;  /  loculi  of  the  ovary ;  o  in  B 
the  awn  ;  n  stigma ;  a  and  6  carpo« 
phore.    (Mag.) 


Geranium  has  10  stamens :  in  most  species 
the  seed  is  expelled  on  the  sudden  rolling  up 
of  the  awn :  Geranium  pratense,  sylvaticum, 
sanguineum,  columhimtvi,  and  other  species,  the  Crane's-bills,  are  wild  in  Eng- 
land; G.  Bohertianum,  Herb-Robert,  is  universally  distributed.  Erodium,  the 
Stork's-bill,  has  the  5  stamens  which  are  opposite  to  the  petals  transformed 
into  staminodes ;  E.  cicntarium  is  common  in  waste  places.  Pelargonium,  in 
many  varieties,  is  a  well-known  garden-plant :  the  flowers  are  irregular  and 
dorsiventral ;  the  disc  is  absent,  but  the  posterior  sepal  is  provided  with  a 
glandular  spur  which  adheres  to  the  pedicel.  The  cocci  of  Erodium  and 
Pelargonium  are  indehiscent,  and  are  forced  into  the  ground  by  the  movement 
of  the  hygroscopic  awn. 
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Order  2.  Linace^e.  Disc  generally  a  whorl  of  10  small  extra- 
staminal  glands  :  formula  K^,  (75,  (  I  J.  f  5  +  5),  G^^ :  flowers  acti- 
nomorphic,  rarely  all  the  whorls  are  tefcramerons :  stamens  mona- 
delphons  at  the  base  ;  the  whorl  of  stamens  opposite  to  the  petals 
is  replaced  by  staminodia  :  each  loculus  of  the  ovary  contains  two 
ovules,  and  is  often  divided  into  two  by  a  more  or  less  complete 
false  dissepiment :  seed  usually  contains  endosperm  :  capsule  septi- 
cidal.  Herbs  or  shrubs;  leaves  simple,  entire,  with  or  without 
stipules. 

Linum  usitatUsimum  is  the  Flax  :  the  strong  bast-fibres  are  used  in  weaving 
linen ;  the  seeds  contain  oil ;  the  walls  of  the  outer  cells  of  the  testa  are  muci- 
laginous. There  are  several  British  species  of  Linum.  Badiola,  the  other 
British  genus,  has  tetramerous  flowers. 

Order  3.  Erythroxylace^.  Flowers  regular :  petals  five,  with 
a  ligular  appendage :  stamens  ten,  connate  at  the  base  by  means 
of  a  disc  and  forming  a  tube :  ovary  2-3-locular,  with  one  sus- 
pended anatropous  ovule  in  each  loculus  :  seed  with  endosperm. 

The  wood  of  most  of  the  species  contain  a  red  dye.  The  leaves  of  Erijlhroxy- 
Ion  Coca  are  used  as  a  stimulant :  they  contain  cocain. 

Order  4.  Oxalidace^.  Disc  present  as  small  glands  at  the  base 
of  the  antipetalous  stamens,  or  of  all  of  them :  flowers  actino- 
morphic;  formula  iC5,  C5,  (  1^5  +  5),  G'^ ;  the  antipetalous 
stamens  are  sometimes  staminodial ;  those  which  are  opposite  to 
the  sepals  are  the  longest :  ovules  numerous ;  fruit  a  capsule,  or 
more  rarely  a  berry ;  seed  containing  endosperm.  Herbs,  with 
compound  (temate),  generally  exstipulate  leaves. 

Oxalis  Acetosella,  the  Wood-Sorrel,  is  frequent  in  woods;  it  contains  much 
potassium  oxalate.  The  tuberous  roots  or  underground  stems  of  some  American 
species,  as  0.  esculenta,  crenaia,  and  Deppei,  contain  much  mucilage,  and  are 
used  as  food.  Some  species  {e.g.  O.  gracilis)  show  trimorphic  heterostylism 
(p.  455) :  others  {e.g.  O.  Acetosella),  have  cleistogamous  flowers  (p.  453).  The 
leaves  of  Oxalis  and  Averrhoa  show  sleep'movemeuts  :  those  of  Biophytum  are 
sensitive  to  touch. 

Order  5.  Balsam inacej;.  Disc  0:  flowers  irregular,  dorsiventral ; 
formula  iio,  05,  I  ^0  +  5,  G^^:  the  posterior  sepal  is  spun-ed,  and 
the  two  anterior  are  small  or  absent :  the  anterior  petal  is  large : 
ovary  5-locular ;  ovules  numerous ;  the  fruit  is  loculicidally  septi- 
fragal,  the  valves  separate  elastically  and  roll  upwards,  so  that  the 
seeds  are  projected  to  some  distance ;  seed  without  endosperm. 
Herbs,  with  simple  exstipulate  leaves. 
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Impatiens  Noli-me-tavgere,  the  yellow  Wild  Balsam,  occurs  in  damp  and 
shady  spots;  the  ripe  fruit  flies  open  with  violence  at  a  touch.  Impatiens 
Balsamina,  an  Indian  species,  is  cultivated. 

Order  6.  TROP^OLACEiE.  Disc  0:  flowers  irregular,  asym- 
metric (Fig.  328  B,  p.  513);  formula  Kb,  C5,  ^4  +  4,  6^'^:  the 
posterior  sepal  is  prolonged  into  a  spur ;  the  three  anterior  petals 
are  clawed  and  ciliate  :  the  two  median  stamens,  one  belonging  to 
each  whorl,  are  suppressed,  so  that  there  are  eight  instead  of  ten : 
one  ovule  in  each  of  the  three  loculi  of  the  ovary :  seed  without 
endosperm.    Herbs,  with  exstipulate  leaves ;  often  petiole-climbers. 

TropcBolum  majus  and  minus,  Indian  Cress,  often  wrongly  termed  Nasturtium, 
are  universally  cultivated. 

Order  7.  Zygophyllace^.  Disc  annular,  fleshy:  flowers  acti- 
nomorphic,  5  or  4-merous.  Herbs  or  shrubs  with  decussate,  fre- 
quently paripinnate,  stipulate  leaves  :  seeds  with  endosperm. 

Lignum  Vitce  is  the  wood  of  Guiacum  officinale  (West  Indies). 

Order  8.  Rutace^.  Disc  usually  annular :  flowers  usually  acti- 
nomorphic  and  obdiplostemonous  :  gynaeceum  sometimes  partially 
apocarpous,  but  the  styles  are  usually  connate:  seed  with  or  without 
endosperm.    There  are  numerous  oil-glands  on  the  leaves  and  stems. 

Sub-order  1.   RuTEiE.     The  placentte  project  into  the  loculi  of  the  ovary ; 

each  bears  3  or  more  ovules :  fruit  a  loculicidal  capsule  :  seed  with  endosperm. 

Ruta  gravcolens,  the  Rue,  has  pentamerous  terminal 

flowers,  and  tetramerous  lateral  flowers.     Dictamnus 

Fraxinella  has  an  irregular  dortsiventral  flower. 

Sub-order  2.    Diosme^.    Ovules  2  in  each  loculus  : 
leaves  simple  :  seed  without  endosperm. 
Barosma,  Agathosma,  Empleurum. 
Sub-order  3.    Zanthoxyle^.     Flowers  usually  dioe- 
cious and  polygamous  :  endosperm  usually  present. 
Zantlwxylum  fraxineum,  from  North  America,  is  a 
Fig.  415.— Diagram  of  the       shrub  which  is  sometimes  cultivated. 

flower  of  Dictamnus.  Sub-order  4.  ToDDALiEiE.     Gymeceum  syncarpous  : 

fruit  iodebiscent,  winged,  dry  or  succulent :  seed  with  endosperm. 
Ptelea  trifoliata  is  a  North  American  shrub  with  white  flowers. 
Sub-order  5.    Aurantib^.      GynaBceum  syncarpous  :   calyx  gamosepalous : 
seed  without  endosperm. 

The  genus  Citrus  has  an  indefinite  number  of  bundles  of  connate  stamens 
(polyadelphous)  (Fig.  416  A),  all  belonging  apparently  to  the  antisepalous  inner 
whorl :  the  carpels  are  usually  more  numerous  than  the  petals,  and  during 
ripening  they  become  filled  with  a  succulent  tissue  derived  from  their  walls ; 
the  various  parts  of  the  flower  and  the  fruit  (p,  532)  contain  much  ethereal  oil : 
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the  leaf,  which  is  typically  pinnate,  is  reduced  to  its  terminal  leaflet  which  is 
articulated  to  the  winged  petiole  (Fig.  82  G) ;  the  leaf  is  sometimes  spinous. 

Citrus  medica  is  the  Citron ;  C.  niedica  var.  Limonum,  is  the  Lemon  ;  C. 
medica  var.  Liinetta,  is  the  Lime;  Citrus  Aurantium  war.Bigaradia  (or  Cvuliftiris) 
is  the  Bit  eror  Seville  Orange,  and  C.  Aurantium  sinense  is  the  Sweet  Orange  ; 
Citrus  nnbilis  is  the  Mandarin  Orange ;  and  Citrus  decunuma  is  the  Shaddock  : 
all  orig  nally  derived  from  tropical  Asia. 


Fig.  416.— Flower  and  floral  diagram  of  Citrus.  A  Open  flower ;  c.  corolla ;  s  the  partially 
connate  stamens  ;  n  the  stigma.    B  Bud ;  k  calyx  ;  c  corolla ;  d  oil-glands. 

Order  9.  Meliace^.  Disc  various:  stamens  5-10,  generally 
monadelphons ;  the  filaments  have  stipulate  appendages  ;  carpels 
usually  5  ;  no  oil-glands,  but  simple  sacs  (p.  139). 

Mahogany  is  the  wood  of  Swietenia  Mahagoni  (America).  The  wood  of  species 
of  Cedrela  is  often  erroneously  termed  "  cedar-wood  "  :  Guarea,  Carapa,  Melia, 
are  other  well-known  genera. 

Order  10.  Simarubace^.  Disc  conspicuous:  flowers  aotino- 
morphic,  sometimes  diclinous :  stamens  usually  10,  and  then 
sometimes  {e.g.  Ailanthus)  distinctly  obdiplostemonous  :  gynasceum 
sometimes  apocarpous :  ovule  usually  solitary  in  each  loculus  : 
there  are  no  oil-glands  in  the  leaves,  but  the  cortex  and  wood 
contain  a  bitter  substance. 

Ailanthm  glandulosa,  the  Tree  of  Heaven,  from  China,  is  a  tree  with  multi- 
jugate  pinnate  leaves  and  a  winged  indehiscent  fruit ;  it  is  often  cultivated. 

Order  11.  Burseracr^.  Disc  usually  annular  :  flowers  actino- 
morphic  :  gynfficeum  syncarpous  ;  ovary  with  two  ovules  in  each 
loculus :  there  are  resin-passages  in  the  bast. 

BoswelUa  serrata  (East  Africa)  yields  Olibanum,  a  gum-resin;  Commiphora 
Schimperi  and  abyssinica  yield  the  gum-resin  Myirh  (Arabia  and  Abyssinia). 

Cohort  II.  Sapindales.  Flowers  typically  pentamerous  and 
obdiplostemonous  but  with  reduction  in  the  andrcecium,  actino- 
morphic  or  zygomorphic,  sometimes  monosporangiate :  gynsBceum 
oligomerous,  usually  syncarpous.     Mostly  trees. 
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Order  1.  Sapindace^e.  Flowers  usually  irregular,  obliquely  zy- 
gomorphic  or  asymmetric,  in  that  the  two  petals  of  one  side  are 
larger  and  of  somewhat  different  form  to  the  three  others;  of 
these,  one,  Avhich  lies  in  the  plane  of  symmetry,  is  sometimes  want- 
ing: two  or  three  of  the  antisepalous  stamens  are  usually  sup- 
pressed, so  that  the  number  is  eight  or  seven ;  they  are  inserted 
within  the  disc :  the  ovary  is  trilocular ;  ovales  two  in  each 
local  us  :  seed  without  endosperm. 

^sculus  has  opposite,  palmately  compound,  exstipulate  leaves  ;  the  flowers 
are  in  terminal  scorpioid  racemes  ;  the  fruit  has  a  loculicidal  dehiscence  :  jy. 
Hippocastanum  is  the  Horse-Chestnut,  derived  from  Asia ;  jE.  carnea,  M. 
Favia,  and  otber  species  are  frequently  cultiv<ated.  A  great  number  of  genera 
and  species  grow  in  warm  climates  ;  they  have  generally  scattered  pinnate 
leaves :  often  climbers  with  branch-tendrils.  The  fleshy  fruit  of  Sapindus 
Saponaria  makes  a  lather  with  water  like  soap. 


Fig,  417.— Floral  dia- 
gram of  -^sculus :  but 
the  missing  stamens 
should  be  represented 
as  antisepalous. 


Fig.  418.— Fruit  of  A.  ylatanoides,  dividing  into 
two  mericarps  m ;  s  pedicel ;  Jl  wings  (nat.  size). 


Order  2.  Aceracej;.  Flowers  regular:  stamens  commonly  eight, 
in  consequence  of  the  suppression  of  the  two  median  ones,  variously 
insei'ted :  disc  annular,  rarely  absent,  extrastaminal  or  intra- 
staminal :  ovary  bilocular ;  ovules  two  in  each  loculus ;  when  ripe 
the  fruit  splits  into  two  one-seeded  winged  mericarps  (samaras) 
(Fig.  418):  leaves  opposite,  palmately  lobed,  sometimes  compound, 
exstipulate  :  flowers  in  terminal  racemes,  sometimes  in  corymbs, 
with  an  apical  flower :  seed  without  endosperm. 

The  principal  species  of  Acer,  the  Maple,  are  A.  Pseudoplatanus,  the  Sycamore, 
having  leaves  with  crenate  margins,  flowers  in  elongated  pendulous  racemes, 
blooming  after  the  unfolding  of  the  leaves,  and  parallel-winged  fruits  ;  A. 
platanoides ,  having  leaves  with  serrate  margins,  flowers  in  short  erect  racemes 
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blooming  before  the  unfolding  of  the  leaves,  and  fruits  with  widely  diverging 
wings  (even  more  than  in  Fig.  418) ;  A.  campestre,  the  common  Maple,  which 
is  sometimes  shrubby,  with  a  trilobate  leaf,  short  erect  racemes  of  flowers  which 
bloom  after  the  unfolding  of  the  leaves,  and  fruits  with  wings  which  are  dia- 
metrically opposite.  Some  North  American  species  are  often  cultivated,  such  as 
A.  rubrum,  with  five  stamens  opposite  to  the  sepals,  and  a  rudimentary  disc; 
A.  dasycarpum,  with  the  same  number  and  position  of  the  stamens,  without  any 
corolla,  and  having  dioecious  flowers  ;  A.  Netfundo,  with  compound  3-5  foliolate 
leaves,  and  dioecious  flowers  like  those  of  the  preceding  species.  Sugar  is 
prepared  from  the  sap  of  A.  saccharinum  and  diisycarpum  especially. 

Order  3.  PoLYGAr.ACE^.  Flowers  irregular,  dorsiventi^l ;  the 
two  lateral  sepals  conspicuously  large  and  known  as  "wings" 
(Fig.  419  k')  :  petals  three,  the  two  lateral  being  absent;  the  an- 
terior petal  is  very  large  and  carinate  :  stamens  usually  eight, 
forming  a  tube  open  posteriorly,  to  which  the  corolla,  or  at  least 
the  anterior 
petal,  is  adnate  ^ 

(B'ig.  4195):  disc 
rudimentary  : 
carpels  two, 
median,  forming 
a  bilocular 
ovary,  each 
loculus  con- 
taining a  single 
suspended 
ovule :      fruit 

usually  a  capsule.  The  flower  somewhat  resembles  that  of  the 
Papilioneae,  but  it  must  be  borne  in  mind  that  here  the  two  "  alse  " 
or  wings  belong  to  the  calyx. 

The  flower  of  the  Polygalaceae  resembles  that  of  the  Aceracese  in  the  suppres- 
sion of  two  stamens  in  the  plane  of  the  two  carpels. 

P.olygula  vulgaris,  amara,  and  others,  the  Milkworts,  are  herbs,  woody  at 
the  base,  occurring  in  woods  and  meadows. 

Order  4.  Anacardiace^e.  Flowers  usually  actinomorphic,  and 
often  diclinous :  stamens  usually  inserted  on  the  disc,  but  disc 
sometimes  absent :  gynceceum  of  but  few  carpels ;  sometimes  one 
only  is  developed,  the  others  being  represented  by  two  or  more 
stigmata;  each  loculus  of  the  ovary  contains  one  anatropous 
ovule  with  dorsal  raphe:  resin-ducts  present:  seed  without  endo- 
sperm. 


Pig.  419.— Flower  of  Polygala  grandijlora.  A  Seen  from  out- 
si  'e  after  the  removal  of  the  wing-sepal  fc.  B  Longiiudinal 
section:  fc  calyx;  He'  wing;  c  corolla;  »  tube  of  stamens.  (After 
Sachs.) 


618 


PART   III. — THE    CLASSIFICATION   OF   PLANTS. 


Various  species  are  cultivated  as  ornamental  plants.   In  Cotinus  many  of  the 
flowers  are  abortive,  and  the  hairy  peduncles  become  much  elongated.     The 

genus  Rhus  includes  the  Sumachs;  there  are  no 
antipetalous  stamens :  E.  Coriaria  (Southern 
Europe)  is  used  in  tanning,  Pistacia  vera,  in 
Southern  Europe,  bears  edible  seeds  (Pistachio- 
kernels)  ;  in  the  flowers  of  this  genus  the  petals, 
and  in  the  S  flower  the  stamens  which  are 
opposite  to  them,  are  suppressed. 


Fig.  420.- 


■Floral  diagram  of 
Rhus. 


Cohort  Til.  Celastrales.  Flowers 
regular,  frequently  actinomorphic,  4-5- 
merous ;  only  one  whorl  of  stamens, 
which  either  alternates  with  or  is  opposite  to  the  petals,  is  usually 
present :  disc  usually  within,  sometimes  external  to,  the  androe- 
cium :  ovules  usually  erect :  the  seed  nearly  always  contains 
endosperm.     Trees  or  shrubs. 

Order  1.  Celastuacej;.  Formula,  Kn,  Cn,  An,  G  (n)  or  less, 
n=4  or  5  :  sepals  imbricate:  stamens  and  carpels  inserted  on  a 
flattened  disc :  stamens  alternate  with  the  petals :  usually  two  ovules 
in  each  loculus  of  the  ovary :  leaves  scattered,  entire,  stipulate. 

In  the  genns  Euonymus,  the  Spindle-tree,  the  loculicidal  capsule  contains 
seeds  invested  by  an  orange -coloured  arillode  (p.  459) ;  E.  europcea  occurs  both 
cultivated  and  wild. 

Order  2.  Staphyleace^.  Flowers  pentamerous :  stamens  alter- 
nate with  the  petals:  disc  intrastaminal :  ovary  generally  trimerous 
and  trilocular ;  ovules  numerous :  leaves  decussate,  pinnate,  stipu- 
late: seed  with  small  endosperm. 

Staphylea  pin7iata  IB  grown  in  gardens. 

Order  3.  Rhamnacej:.  Formula,  JiTn,  On,  \  An,  G~-',  n=4 
or  5 :  calyx  usually  gamosepalous,  val- 
vate  :  petals  usually  small  and  often 
hood-shaped  (Fig.  421  c),  enclosing  the 
stamens  which  are  opposite  to  them : 
flowers  sometimes  diclinous :  usually  a 
single  ovule  in  each  loculus  of  the  ovary 
which  is  invested  by  a  disc :  leaves 
usually  scattered,  entire,  stipulate  :  fruit 

Fig.  421.-Flower  of  Rhamnus       ^  ^^"P^  «^  ^  Capsule. 

rangu  a(vimg.) .      sepa  8  con-  JRhamnui  cathartica,  the  Buckthorn,  has  op- 

nate  at  the  base  into  a  tube  (d) ;  '  ^ 

c  hood-shaped  petals  enclosing  PO^ite  leaves  and   thorny  twigs :  the  berries  of 

the  stamens  (.i).  22.  ivfectoria,  in  Southern  Europe,  yield  a  green 
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or  yellow  dye ;  R.  Frangula  has  scattered   leaves ;  its  wood   produces  a  par- 
ticularly light  charcoal. 

Order  4.  Ampelidaceji.  Formula  same- as  in  Rhamnacese :  sepals 
small ;  the  corolla  is  often  thrown  off  before  it  opens  (Fig.  422  A  c) : 
a  glandular  disc  between  the  andrceciiim  and  the  gynaeceum  : 
ovules  one  or  two  in  each  loculus:  fruit  baccate.  Climbing  plants, 
with  stem-tendrils  ;  leaves  palmate,  exstipulate  or  stipulate. 

Vitis  vinifera,  the  Grape- Vine,  probably  derived  from  the  East,  is  cultivated 
in  endless  varieties ;  other  species,  such  as  V.  vulpina  and  Labrusca,  as  also 
Ampelopsis  hederacea,  the  Virginian  Creeper,  are  also  frequently  cultivated.  The 
tendrils  of  the  Vine  (Fig.  24  A)  are  branches  bearing  scaly  leaves  in  the  axils  of 
which  other  branches  arise :  their  peculiar  position  opposite  to  the  foliage- 
leaves  may  be  explained  as  follows :  the  ordinary  shoots  are  sympodia,  and 
each  tendril  is  the  terminal  segment  of  a  member  of  the  sympodium ;  the  fol- 
lowing member  is  a  shoot  springing  from  the  axil  of  the  foliage-leaf  which  is 
opposite  to  the  tendril. 
Every  third  leaf  has  no 
tendril  opposite  to  it, 
that  is  to  say,  the  mem- 
bers of  the  sympodium 
alternately  bear  one  or 
two  leaves.  The  inflor- 
escences occupy  the 
same  positions  as  the 
tendrils.  Each  leaf  has 
also  a  bud  in  its  axil, 
which  either  remains 
undeveloped  or  gives  rise  to  a  dwarf-shoot :  from  the  axil  of  the  cataphyllary  leaf 
of  the  dwarf-shoot  an  ordinary  shoot  is  developed.  In  some  species  of  Ampe- 
lopsis {e.g.  A  Veitchii  and  Roylci)  the  tendrils  attach  themselves  to  flat  surfaces 
by  means  of  discoid  suckers  developed  at  their  tips. 

Order  5.  Aquifoltace^.  Disc  wanting:  one  or  two  suspended 
ovules  in  each  loculus  of  the  usually  tetramerous  ovary  :  stamens 
free,  or  adnatc  to  and  alternate  with  the  petals  :  petals  often  con- 
nate at  the  base  :  leaves  scattered,  exstipulate. 

Ilex  Aquifolium,  the  Holly,  with  its  coriaceous,  spinous,  evergreen  leaves,  is 
common  in  plantations  and  woods  :  fruit  a  berry.  The  leaves  known  in  com- 
merce as  Paraguay  tea  are  derived  from  /.  paraguensu  in  South  America. 

Order  6.  THVMELiEACEA:.  Flowers  more  or  less  perigynous, 
with  a  disc ;  calyx  and  receptacle  petaloid,  with  a  four-lobed 
limb  (Fig.  329  D)  ;  corolla  often  suppressed,  or  more  or  less  rudi- 
mentary :  stamens  sometimes  in  two  whorls,  and  then  the  four 
stamens  opposite  to  the  sepals  are  inserted  higher  on  the  tube  of 


Fig.  422.— Flower  of  Vitis  vinifera,  and  diagram.  A  At 
the  moment  of  opening.  B  Open ;  fc  calyx;  c  corolla;  d 
glands  ;  8  stamens;  /ovary;  n  btigma  fslightly  mag.). 
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the  calyx  than  the  four  which  alternate  with  the  sepals  (Fig.  423) : 
gynaeceum  usual ly  monomerous ;  ovule  suspended;  fruit  a  berry  : 
seed  without  endosperm. 

Daphne  Mezereon  is  common  in  woods ;  the  usually  3-flowered  inflorescences 
are  borne  in  the  axils  of  the  foliage  leaves  of  the  previous  year,  and  they  bloom 
before  the  development  of  the  leaves  of  the  same  year. 

This  order  is  frequently  placed  among  the  Monochlamydese,  but  this  position 
is  untenable  in  consequence  of  the  presence  of  a  corolla  in  some  genera  [e.g. 
Gnidia). 

Order  7.  ELiEAGNACEj:.  Flowers  diclinous  or  polygamous,  4-  or 
2-merous ;  the  corolla  is  suppressed:  the  stamens  opposite  to  the 
sepals  are  sometimes  wanting  (Fig  424  B)  ;  a  disc  (Fig.  424  A,  d) 
usually  closes  the  receptacle  ;  fruit  an  achene,  surrounded  by  the 


Fio.  423.— Calyx  of  the  flower  of 
Daphne  Mezereon  laid  open  (x  5)  :  o 
tbe  four  superior,  u  the  four  inferior 
stamens,  adnate  to  the  calyx. 


Fig.  424.— Flower  of  Elceagnxis  fusca.  A 
In  longitudinal  section.  B  Floral  diagram  : 
d  disc  (mag.:  after  Sachs). 


receptacle  or  by  the  whole  perianth :  gynaeceum  monomerous : 
ovule  basal :  seed  with  small  endosperm :  the  leaves  are  covered, 
especially  on  the  under  surface,  with  scaly  hairs. 

This  order  is  also  frequently  placed  among  the  Monochlamydeae :  but  although 
no  corolla  is  indicated,  the  order  must  be  retained  near  the  Thymelasaceae. 

Hippophae  rhamnoides,  the  Sea  Buckthorn,  is  a  shrub  which  is  sometimes 
common  on  the  banks  of  streams;  the  smaller  branches  mostly  terminate  in  a 
thorn  ;  the  flowers  are  dioecious  and  dimerous ;  when  the  fruit  is  ripe  the  fleshy 
receptacle  is  of  an  orange  colour.  Elaeagnus  has  tetramerous  polygamous  flowers 
(Fig.  424) ;  it  is  commonly  cultivated. 

Cohort  IV.     Euphorbiales.     Flowers  monosporangiate,  monoe- 
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fcions  or  dioecious  ;  the  perianth  sometimes  consists  of  calyx  and 
corolla,  sometimes  it  is  simple,  and  occasionally  it  is  absent :  the 
ovary  is  nsually  trilocular,  with  one  or  two  anatropous  and  gener- 
ally suspended  ovules  in  each  loculus:  the  seed  contains  endosperm : 
the  structure  of  the  flowers  is  very  various.  The  affinities  of  the 
cohort  are  not  accurately  known  ;  but  it  can  no  longer  be  retained 
among  th^  Monochlamydeae. 

Order  1.  EuPHORBiACEiE.  The  flower  exhibits  all  possible  de- 
grees of  reduction.  The  perianth  may  consist  of  calyx  and  corolla 
{e.g.  some  Phyllanthese,  such  as  Andrachne,  Savia,  Bridelia ;  some 
Crotoneee,  such  as  Chrozophora,  Croton  sub-gen.  Eluteria,  Ja- 
tropha,  Cluytia,  etc.)  :  more  commonly  the  corolla  is  suppressed, 
and  in  some  cases  {e.g.  Euphorbia)  the  calyx  also.  The  andrcecium 
varies  from  1  to  8  stamens:  thus  in 
Euphorbia  the  ,^  flower  consists  of  a 
single  stamen,  whilst  in  Ricinus  the 
stamens  are  numerous  and  repeatedly 
branched  (Fig.  333)  :  they  are  some- 
times isomerous  with  the  perianth- 
leaves.  The  gynseceum  is  typically 
trimerous,  but  the  carpels  may  be  more 
numerous  (5-20  in  Hura)  or  fewer  (1 
in  Eremocarpus)  :  the  syncarpous  ovary 
has  as  many  loculi  as  there  are  car- 
pels :  each  loculus  contains  one  or  two 
(then  collateral)  suspended  anatropous 
ovules,  the  micropyles  of  which  are 
directed  outwards ;  the  micropyle  is 
usually  invested  by  a  micropylar  aril 
(see  p.  459),  often  termed  the  caruncle, 
which  is  conspicuous  on  the  seed.  The 
fruit  is  usually  dry  and  dehiscent,  splitting  septici dally  into  cocci. 
A  disc  is  commonly  present,  and  is  frequently  annular  in  the  9 
flowers :  in  the  ^  flowers  the  disc  is  usually  extra-staminal. 

They  are  plants  of  various  habit,  from  herbs  to  trees,  some 
resembling  species  of  Cactacese.  Many  of  them  possess  laticiferous 
tissue  (absent  in  Phyllanthees  and  some  Stenolobeee),  consisting 
either  of  laticiferous  coenocytes  (Euphorbieee :  see  p.  142)  or  of 
laticiferous  vessels  (Crotoneee)  :  the  latex  is  usually  milky,  and  in 
this  case  the  laticiferous  tissue  is  more  highly  developed  than 
when  (as  in  Mercurialis)  the  latex  is  not  milky. 


FlO.  4?o.— Part  of  an  inflores- 
cence of  a  Euphorbia  :  b  b  bracts, 
in  the  axils  of  which  are  the 
buds  (fcn) :  p  is  the  involucre 
of  the  open  cyathium ;  dr  the 
glands;  a  the  <J  flowers;  g  the 
pedicel  of  the  $  flower  (/) ;  n  the 
stigmata  (enlarged). 
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The  inflorescence  requires  special  consideration  :  it  is,  generally- 
speaking,  of  the  mixed  type,  the  earlier  branchings  being  racemose 
whilst  the  final  branchings  are  cymose  :  in  the  monoecious  plants, 
as  a  rule,  both  kinds  of  flowers  are  borne  in  the  same  inflorescence, 
the    9  flowers  above,  the  ^  flowers  below. 

In  the  family  Eaphorbiese  the  general  inflorescences  are  cymose 
umbels  or  dichasia,  the  branches  of  which  terminate  in  what 
were  formerly  regarded  as  ambisporangiate  flowers,  but  are  really 
inflorescences,  each  one  being  termed  a  cyathium.  The  cyathium 
consists  of  a  tubular  involucre  (Fig.  425  j?),  consisting  of  bracts, 
often  brightly-coloured  (e.g.  Poinsettia),  between  the  five  lobes 
of  which  glandular  appendages,  often  of  a  semilunar  form,  are 
situated  (Fig.  425  dr).  Within  this  involucre  are  numerous  (^ 
flowers  in  five  groups,  each  of  which  consists  of  a  single  stamen 
(Fig.  425  a)  and  is  terminal  on  a  long  pedicel,  and  one  ?  flower 
(Fig.  425  g),  consisting  of  a  trilocular  ovary  (Fig.  425  /),  at  the 
base  of  which  an  indication  of  a  perianth  may  in  some  cases  be 
detected.  That  the  cyathium  is  an  inflorescence  and  not  a  single 
flower  is  most  clearly  visible  in  the  genus  Anthostema,  in  which  a 
perianth  is  distinctly  developed  round  each  stamen. 

Of  Euphorbia,  the  Spurge,  most  indigenous  species  are  annual  herbs,  as  E. 
Peplus,  exigua,  platyphyllos  and  helioxcopia  (the  common  Sun  Spurge),  whilst 
others  are  perennial  [E.  amygdaloides,  and  Paralias) :  some  South  European 
forms  are  small  shrubs,  as  ^.  dendroides  and  fruticosa  :  in  Africa  and  the 
Canary  Islands  the  genus  is  represented  by  species  which  much  resemble 
Cactaceae  in  appearance ;  their  stems  are  thick  and  cylindrical  or  angular 
or  sometimes  spherical,  producing  small  leaves  which  usually  soon  fall  off. 
In  Mercurialis  the  flowers  are  apetalous ;  the  <?  flowers  have  a  three-leaved 
perianth  and  numerous  stamens ;  the  ?  flowers  have  a  similar  perianth 
and  a  bilocular  ovary :  Mercurialis  annua  and  perennis  (Dog's  Mercury)  are 
weeds,  the  first  common  in  cultivated  ground,  the  second  in  woods;  their 
flowers  are' dioecious.  Ricinus  bears  its  monoecious  apetalous  flowers  in  a 
compound  inflorescence,  in  which  the  cJ  flowers  are  placed  below  and  the  ? 
flowers  above:  the  perianth  is  simple  and  five-lobed :  Eicinus  comnmnis  (the 
Castor-oil  plant)  is  a  native  of  Africa,  now  frequently  cultivated ;  Castor-oil  is 
obtained  from  its  seeds.  Croton-oil  is  obtained  from  the  seeds  of  Croton 
Tiglium.  Some  species  of  Phyllanthus  (Xylophylla)  have  phylloid  branches 
which  bear  their  small  flowers  in  the  axils  of  minute  bristle-like  leaves  situated 
in  indentations  at  the  edge  of  the  phylloclade.  The  root  of  Manihot  utilis- 
sima,  a  South  American  plant,  when  ground,  constitutes  cassava,  and  it  yields 
the  starchy  meal  known  in  commerce  as  tapioca.  From  Siphonia  elastica,  a 
species  growing  iu  Central  America,  most  of  the  caoutchouc  is  obtained. 

Order  2.     Buxacej:.     Disc    wanting :    flowers    monoecious,    in 
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glomerules  in  which  the  terminal  flower  is  usually  ?  and  the 
lateral  ones  (^  ;  the  latter  flowers  have  a  simple  4-leaved  perianth 
and  four  superposed  stamens  (rarely  numerous)  ;  the  former 
have  a  trilocular  ovary  with  two  ovules  in  each  loculus,  the 
raicropyle  of  the  suspended  ovule  being  directed  inwards:  fruit 
a  capsule,  with  loculicidal  dehiscence.     For  the  most  part  shrubs. 

Biixns  siempervh-ens,  the  Box,  is  an  evergreen  shrub  of  Southern  Europe  ;  the 
wood  is  valuable. 

Order  3.  Empetrace^.  Disc  wanting :  flowers  dioecious,  with 
three  sepals,  three  petals,  three  stamens  or  a  6-9-locular  ovary : 
ovules  solitary,  ascending  :  fruit  drupaceous.  They  are  shrubs 
resembling  Heaths  in  appearance. 

Empetrum  nigrum,  the  Crakeberry,  is  a  small  shrub  occurring  in  the  north  of 
Europe  and  in  the  Alps. 

Order  4.  Callitrichaceje.  Aquatic  plants,  with  decussate, 
linear  or  ovate  leaves,  in  the  axils  of  which  stand  the  solitary 
diclinous  flowers  which  are  destitute  of  a  perianth:  the  (^  flowers 
consist  of  a  single  stamen;  the  ?  of  a  bilocular,  spuriously 
quadrilocular,  ovary,  with  four  suspended  ovules,  the  micropyles 
of  which  are  directed  outwards. 

Callitriche  verna  and  otber  species,  forming  the  section  Eu-callitriche,  are 
either  partially  submerged  or  they  creep  on  muildy  banks,  and  in  them  pollin- 
ation takes  place  in  the  air :  but  in  the  section  Pseudo-callitriche  (of  which  C. 
autumnalU  is  the  British  representative)  the  plants  are  entirely  submerged,  and 
consequently  pollination  takes  place  under  water  (see  p.  434). 

This  order  has  been  associated  with  the  Haloragidac  m ;  but  the  general 
structure  of  the  flower,  especially  the  remarkable  reduction  wbich  it  presents, 
and  the  number  and  attachment  of  the  ovules,  seem  rather  to  indicate  affinity 
with  the  Euphorbiaceae. 

SERIES  III.    CALYCIFJiOR^. 

Flowers  epigynous  or  perigynous :  calyx  usually  gamosepalous : 
stamens  definite  or  indefinite :  gynajceum  syncarpous  or  apo- 
carpous. 

Cohort  I.  Umbellales.  Flowers  regular,  sometimes  actino- 
morphic,  epigynous,  with  generally  a  single  whorl  of  stamens 
opposite  to  the  sepals  :  calyx  inconspicuous :  ovary  bilocular,  with 
one  ovule  in  each  loculus :  a  disc  between  the  stamens  and  the 
styles:  inflorescence  usually  umbellate:  seed  containing  endo- 
sperm :  leaves  exstipulate. 

V.  S.  B.  S    S 
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Order  1.  Umbellifer^.  Flowers  generally  regular,  bat  zjgo- 
morphic  in  consequence  of  oligomerj  in  the  gynaeceum  (p.  508): 
formula,  K5,  05,  ^5,  G{i)  •  the  calyx  is  generally  very  small,  often 
hardly  visible,  though  sometimes  well  developed  {e.g.  Eryn- 
gium,  Astrantia)  :  the  corolla  consists  of  five  rather  small  white  or 
yellow  petals  ;  occasionally  the  outermost  petals  of  the  ttowers  at 
the  circumference  of  the  umbel  are  larger  than  the  others,  and  the 
umbel  is  then  termed  radiant :  stamens  five  ;  ovary  inferior,  bi- 
locular :  the  base  of  the  two  styles  is  fleshy  and  thickened,  forming 
an  epigynous  disc  (Fig.  426  A  d)  ;  one  suspended  ovule  in  each 
loculus  of  the  ovary  (Fig.  338  E)  :  the  fruit,  when  ripe,  splits 
into  two  mericarps,  each  loculus  of  the  ovary  being  permanently 


in      n-       rr    ^  in  1,      rr 


Fig.  426.—^  Flower  of  Foeniculum  (mag.):  /  ovary;  c corolla;  s  stamens  ;  d  disc.  B 
Fruit  of  Heracleum  :  p  pedicel ;  g  style  ;  r  r  r  ridges  (costae) :  rr  marginal  ridges ;  o  oil- 
ducts  (vittse)  (mag.)'  C  Transverse  section  of  mericarp  of  Carum  Carui  {Orlhospenneoe)  : 
m  surface  that  comes  into  contact  with  the  other  mericarp;  o  vittae :  e  endosperm.  D 
Transverse  section  of  mericarp  of  Conium  {CamjtylospermecB).  E  Fruit  of  Coriandrum, 
{Ccelospermece) :  fc  margins  of  the  surface  along  which  the  two  mericarps  are  in  contact ;  r 
ridges ;  n  secondary  ridges :  F  section  of  a  mericarp.  (Mag.) 

closed  by  a  median  septum  (Fig.  427a;  see  p.  530).  The  struc- 
ture of  the  pericarp  is  an  important  characteristic  for  the  classifica- 
tion of  the  family.  The  fruit  is  commonly  either  oval  in  form,  or 
compressed  (Fig.  426  B),  or  nearly  spherical  (Fig.  426  E)  :  its  sur- 
face generally  bears  longitudinal  ridges  {costm  or  juga  primaria)  en- 
closing vascular  bundles,  five  generally  on  each  mericarp;  of  these, 
two  run  along  the  margins  (Fig.  426  B,  C,  D,  rr),  and  the  other  three 
along  the  dorsal  surface  (Fig.  426  B,  (7,  2>,  r).  In  the  spaces  be- 
tween the  ridges  which  form  furrows,  lie  oil-ducts  or  receptacles 
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(vittce)  (Fig.  426  B,  C,  o),  and  sometimes  other  secondary  ridges, 
(juga  secundaria)  (Fig.  426,  E^  F,  n),  which  do  not  enclose  vascular 
bandies.  The  mericarp  when  ripe  is  filled  by  the  seed,  which 
consists  of  the  abundant  endosperm  (Fig.  426  (7,  D,  F,  e)  en- 
closing a  small  embryo.  According  to  the  form  assumed  by  the 
endosperm,  the  following  groups  may  be  distinguished :  the  Ortho- 
spermere,  in  which  the  surface  of  the  endosperm,  which  is  directed 
towards  the  plane  of  junction  of  the  two  mericarps,  is  flat  or  con- 
vex, as  in  Carura  (Fig.  4'26  (7) :  the  Campy  Id  spermece,  in  which  the 
endosperm  is  concave  towards  the  same  plane,  as  in  Conium  (Fig. 
426  L),  and  the  Gcelospermew,  in  which  the  whole  endosperm  is 
curved,  so  that  it  is  seen  to  be  concave 
towards  this  plane  both  in  longitudinal 
and  in  transverse  section,  as  in  Coriander 
(Fig.  426  F). 

The  flowers,  with  few  exceptions  (Hy- 
drocotyle,  Astrantia,  Eryngium),  are  in 
compound  umbels ;  in  some  few  cases,  as 
in  Daucus,  the  nmbel  has  a  distinct  ter- 
minal flower  which  is  black  in  colour  :  an 
involucre  and  involucels  are  largely  de- 
veloped in  some  species,  in  othera  they 
are  wholly  wanting.  The  hollow  stem 
bears  large  leaves  with  generally  well- 
developed  sheathing  bases  and  much 
divided  laminae :  rarely  the  leaves  are 
simple,  as  in  Hydrocotyle  and  Bupleurum. 

The  British  genera  are  arranged  as  follows  : — 
Sub-order  I.     ORTHOSPERME-aE. 

A.  Umbels  simple. 

Tribe  1.  Hydrocotylece.  Fruit  laterally  com- 
pressed. The  genus  Hydrocotyle  consists  of 
marsh-plants  with  peltate  leaves  (Fig.  31). 

Tribe  2.     Snniculea.      Fruit  nearly  cylindrical, 
genera  Astrantia,  Eryngium,  and  Sanicula. 

B.  Umbels  compound. 

Tribe  3.  Amminece.  Fruit  without  secondary  ridges,  laterally  compressed: 
Ammi,  Bupleurum,  Petroselinum,  Apium,  ^gopodium,  Carum  (Figs.  426  C, 
and  427),  Cicuta,  Sium,  Pimpinella,  Trinia,  Conopodium,  Sison. 

Tribe  4.  Seselinece.  Secondary  ridges  absent,  or  if  present  (Siler)  not  so 
prominent  as  the  primary  :  fruit  not  compressed:  iEthusa.FcBniculum.CEnaothe, 
Seseli.  Meum,  Ligusticum,  Silaus,  Crithmum,  Siler. 

Tribe  5.    Angdicete.    Fruit  without  secondary  ridges,  dorsally  compressed, 


Fio.  427.— Fniit  of  Carum 
Carui.  A  Ovary  of  the  flower 
(;).  B  Ripe  Fruit.  The  two 
carpels  have  separated  so  as 
to  form  two  mericarps  (m). 
Part  of  the  septum  consti- 
tutes the  carpophore  (a). 

This  group  includes  the 
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the  lateral  primary  ridges  winged,  the  wings  of  the  two  mericarps  divergent ; 
Angelica,  Archangelica. 

Tribe  6.  Peucedanece.  Fruit  without  secondary  ridges,  dorsally  compressed, 
the  lateral  primary  ridges  winger!,  the  wings  of  the  two  mericarps  apposed: 
Peucedanum  (inch  Imperatoria),  Pastinaca,  Heracleum,  Tordylium. 

Tribe  7.     Daucinea.     The  secondary  ridges  are  spinous  :  Daucus. 

Sub-order  II.     Campylosperme^. 

Tribe  8.     Caucalinece.     Secondary  ridges  spinous  :  Caucalis  (inch  Torilis). 

Tribe  9.  Smyrniea.  Fruit  without  secondary  ridges :  Anthriscus,  Myrrhis, 
Conium  (Fig.  426  D),  Smyrnium,  Physospermum. 

Sub-order  III.     Ccelosperme^. 

Tribe  10.  Scandicece.  Fruit  sub-globose,  without  secondary  ridges  :  Scan- 
dix,  Chaerophyllum,  Echinophora. 

Tribe  11.  Coriandrcce.  Fruit  spherical ;  secondary  ridges  more  prominent 
than  the  wavy  primary  ridges :  Coriandrum  (Fig.  426  E,  F). 

Anthriscus  silvestris,  the  Cow-Parsley  ;  Caruiii  Carul,  the  Caraway  ;  Herac- 
leum Spliondylium,  the  Cow-Parsnip  ;  A'lgopodiiim  Podagraria,  the  Gout- Weed  ; 
Pastinaca  sativa,  the  Wild  Parsnip,  are  common  in  meadows  and  woods: 
Crithmum,  the  Samphire,  grows  on  rocks  by  the  sea  :  Echinophora,  the 
Prickly  Samphire,  growing  on  sandy  sea-shores,  has  been  exterminated  in 
Britain.  The  following  are  cultivated  :  Apium  grave  denn,  Celery ;  Petro- 
selinum  sativum,  Par- ley;  Daucus  Ca7-of  a,  the  Carrot ;  Pastinaca  oleracea,  the 
Parsnip ;  Anthriscus  Cerefolium,  the  Chervil.  The  following  are  poisonous : 
Conium  maculatum,  the  Hemlock ;  Cicuta  virosa,  the  Water-Hemlock ; 
jEthusa  Cynapium,  Fool's-Parsley. 

Order  2.  Araliace^.  Flowers  generally  pentamerous  ;  stamens 
sometimes  more  numerous  ;  carpels  more  or  less  numerous  :  fruit, 
a  berry  or  a  drupe.  Shrubs,  sometimes  root-climbers,  with 
scattered  palmate  leaves. 

Hedera  Helix,  the  Ivy,  does  not  blossom  till  it  is  some  years  old  :  the  umbels 
are  borne  on  erect  branches,  the  leaves  of  which  are  entire.  Fatsia  papyrifera 
is  used  in  Japan  for  making  a  kind  of  paper  known  as  rice-paper  ;  it  is  made 
from  the  pith. 

Order  3.  Cornaceje.  Flowers  tetramerous,  isobilateral  (see  p. 
508),  with  a  usually  dimerous  bilocular  ovary :  fruit  usually  a 
drupe.     Shrubs  with  woody  stems  and  entire  opposite  leaves. 

Cornus  mas,  the  Cornel,  has  yellow  flowers  which  bloom  before  the  unfolding 
of  the  leaves,  and  a  red  fruit:  C.  sanguinea  and  suecica  are  common  shrubs: 
Aucuha  japonica  has  dioecious  flowers,  and  a  monomerous  baccate  fruit. 

Cohort  II.  Passlflorales.  Flowers  frequently  monospo- 
rangiate,  regular;  epigynous,  perigynous  or  hypogynous ;  penta- 
merous :  stamens  in  one  or  two  whorls,  or  indefinite :  gynee- 
ceum  syncarpous  ;  ovary  usually  trimerous  and  unilocular  ;  ovules 
numerous,  on  parietal  placentse. 
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Order  1.  PASsrFi'.ORACEiE.  Flowers  pentamerous,  perigjnous, 
sometimes  dioecious  ;  between  corolla  and  androecium  there  is  a 
so-called  corona  consisting  of  a  number  of  filamentous  appendages, 
probably  representing  a  disc  (see  p.  527)  :  the  gyneeceum  fre- 
quently, and  sometimes  also  the  androecium,  is  elevated  upon  an 
elongation  of  the  axis  (gynophore,  or  gonophore,  p.  495)  :  stamens 
five,  often  monadelphous,  opposite  to  the  sepals:  ovary  unilocular 
with  three  parietal  placentas  :  leaves  palmate.  Climbing  plants, 
with  tendrils,  each  tendril  being  a  lateral  axillary  branch,  and 
frequently  the  main  axis  of  an  inflorescence. 

Several  species  of  Passiflora,  the  Passion-Flower,  from  tropical  America,  are 
cultivated. 

Order  2.  Papayace.e.  Flowers  diclinous,  hypogynous  :  stamens 
in  two  whorls :  ovary  usually  unilocular  with  five  parietal 
placentae. 

Carica  Pnpaija,  the  Papaw,  is  cultivated  in  the  tropics  on  account  of  its 
edible  fruit :  its  latex  is  rich  in  proteolytic  ferment  (papain). 

Order  3.  Begoniacej;.  Affinity  doubtful.  Flowers  diclinous; 
perianth  rarely  heterochlamydeous :  the  ^  flowers  have  two 
dimerous  petaloid  perianth- whorls,  and  indefinite  stamens  crowded 
together :  the  ?  flowers  are  epigynous ;  the  perianth  consists  of 
five  petaloid  leaves;  the  ovary  is  usually  trilocular,  with  numerous 
anatropous  ovules  borne  on  axile  placentee :  fruit  a  capsule  :  leaves 
often  very  large,  usually  oblique  :  inflorescence  cymose,  the  (^ 
flowers  being  terminal  on  the  first  branches,  the  ?  terminal  on 
the  last. 

Many  species  of  Begonia,  derived  from  the  tropics,  are  cultivated  as  orua- 
mental  plants. 

Order  4.  Cucurbitace^.  Flowers  diclinous  or  polygamous,  often 
irregular :  corolla  of  five  petals,  often  gamopetalous  :  stamens 
epipetalous,  five,  but  they  frequently  cohere,  either  in  pairs,  so 
that  there  appear  to  be  but  three  (Fig.  428,  diagram),  or  all 
completely  into  a  single  continuous  ring  (Cyclanthera) ;  the 
anthers  are  commonly  long  and  sinuous  :  ovary  inferior,  unilocular, 
becoming  spuriously  multilocular,  with  one  or  (more  often)  many 
ovules;  it  is,  however,  often  described  as  multilocular  (usually  3) 
with  projecting  axile  placentae :  fruit  baccate,  a  pepo  or  a  succu- 
lent berry,  often  of  great  size,  with  a  relatively  thick  and  solid 
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pericarp :  seed  without  endosperm.     Herbs  with  scattered  leaves, 
mostly  climbers,  with  tendrils  growing  by  the  side  of  the  leaves. 

There  is  considerable  difference  of  opinion  as  to  the  morphological  nature  of 
the  tendril  in  this  order,  but  it  appears  to  be  essentially  a  leaf,  in  fact  the  first 
leaf  of  the  flowering-shoot  which  arises  in  the  axil  of  the  related  foliage-leaf : 
the  vegetative  branch,  which  is  always  developed  by  the  side  of  the  flowering- 
shoot,  seems  to  spring  from  the  axil  of  the  tendril.  The  tendril  often  bears  a 
number  of  branches  at  its  distal  end,  but,  whether  simple  or  branched,  its 
structure  shows  that  the  proximal  portion  corresponds  in  structure  to  a  petiole, 
whilst  the  distal  irritable  portion  (including  the  branches)  has  a  bilateral- 
structure  which  suggests  correspondence  wih  a  lamina. 

Cucurbita  Fepo  is  the  Pumpkin :  the  genus  Cucumis  has  free  stamens  ; 
Cucumis  tativa  is  the  Cucumber,  and   Cucumis  Mtlo  is  the  Melon :  Citrullus 

vulgaris  is  the  Water  Melon. 
The  genus  Bryonia  has  a  small 
white  corolla  ;  the  loculi  of  the 
ovary  are  2-seeded,  and  the 
fruit  is  a  succulent  berry ;  B. 
dioica  is  common  in  shrubberies 
and  hedges. 

Order  5.  Cactace^. 
Flowers  acyclic,  epigyn- 
ous,  with  numerous  sepals, 
petals,  and  stamens,  which 
gradually  pass  into  each 
other :  ovary  unilocular, 
with  three  or  more  parietal 
placentae  :  ovules  horizon- 
tal ;  endosperm  little  or 
none  :  stems  of  the  most 
various  forms  :  leaves  usu- 
ally represented  by  tufts 
of  spines.  They  are  in- 
digenous to  the  dry  dis- 
tricts of  tropical  and  sub- 
tropical America,  but 
many  have  been  intro- 
duced into  the  eastern  hemisphere  :  however,  a  species  of  the  genus 
Rhipsalis  (E.  Cassytha)  is  indigenous  to  South  Africa  and  Ceylon. 

The  CactaceaB  are  typically  xerophilous  plants :  in  consequence  of  the  great 
reduction  of  the  foliage -leaves,  their  transpiration  is  comparatively  slight,  and 
the  succulent  stems  serve  to  store  relatively  large  quantities  of  water.  They 
are  protected  from  being  eaten,  by  the  development  of  numerous  spines. 


Fig.  428.— .4  Lonsitndinal  section  of  $  flower  of 
Cucumis  :  /  ovary ;  sfe  ovules ;  fc  calyx ;  C  corolla ; 
n  Rtigma  ;  st'  rudimentary  stamens.  B  Longitudi- 
nal section  of  <J  flower;  st  stamens;  n'  rudimentary 
ovary ;  the  corolla  (c)  is  not  all  shown  (somewhat 
mag.).    Floral  diagram  of  Cucurbita. 
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Mamillaria  has  a  spherical  or  cylindrical  stem  on  which  tubercules,  arranged 
spirally  and  bearing  spines,  represent  the  leaves.  Echinopsis  and  Echinocactus 
have  angular  ridges  on  which  the  tufts  of  spines  grow,  Cereushas  an  angular, 
column»r,  elongated  stem.  Phyllocactus  and  Kbipsalis  have  compressed  leaf- 
like stems.  Opuntia  and  Nopalea  have  flattened  stems  composed  of  a  suc- 
cession of  flattened  ovate  shoots.  The  Cochineal  insect  lives  on  Nopalea  cocci- 
nellifera. 

Cohort  III.  Myrtales.  Flowers  usually  actinomorphic, 
encyclic,  epigynous  or  perigynous,  with  usually  two  whorls  of 
stamens,  typically  obdiplostemonous  :  gynaeceum  syncarpous,  with 
usually  a  single  style  :  leaves  usually  opposite. 


% 


V  -^ 


Fio.  429.—^  Flower  of  Fuchsia :  «  pedicel  ;  /  inferior  ovary ;  fc  sepals,  connate  at  the 
base,  forming  a  tube  (r) ;  o  stamens ;  g  style  ;  n  stigma.  B  Flower  of  Ep>lobium  hirsutum 
(letters  as  before).  C  Fruit  of  Epilobium  after  dehiscence;  w  outer  wall;  m  columella 
formed  by  the  septa ;  «o  seed  with  tafts  of  hairs  (nat.  size). 

Order  1.  Onagrace^.  Flowers  usually  tetramerous  throughout, 
generally  epigynous :  antipetalous  stamens  sometimes  suppressed  : 
ovary  multilocular,  with  generally  numerous  ovules  on  axile 
placentae :  fruit  a  berry  or  a  capsule ;  seed  without  endosperm. 
Calyx  of  ton  petaloid,  forming  a  long  tube  (Fig.  429  A^  r). 

V  (Enothera  biennis,  the  Evening  Primrose,  occurs  on  river  binkg  ;  the  seed  has 
not  a  tuft  of  hairs,  and  the  flowers  are  yellow.  Ei  ilobium  is  the  Willow  Herb, 
of  which  many  species  are  common  ;  E.  angustifolium,  hirfnitum,  and  montanum 
occur  iu  fields,  hedges,  and  ditches  ;  the  eeeds  have  a  tuft  of  long  hairs  ;  flowerti 
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red;  fruit  a  septifragal  capsule.  Circaa  lutetiana  (Enchanter's  Nightshade)  has 
dimerous  flowers  A'2,  C2,  A2,  G{-i)  (Fig.  323  B) ;  common  in  damp  and  shady 
spots.  Ismirdia  palustris  has  no  corolla ;  its  fruit  is  a  septicidal  capsule. 
Fuchsia  (Figs.  429  A,  323  A),  many  species  of  which  are  cultivated  as 
ornamental  plants,  is  a  native  of  South  America  ;  fruit  a  berry. 

Trapa  nutans,  the  Water-Chestnut,  a  not  very  common  water-plant  of  Central 
Europe,  has  a  stem  bearing  a  rosette  of  leaves  which  float  on  the  surface  of  the 
water ;  in  the  axils  of  these  leaves  the  flowers  are  borne  singly :  their  formula 
is  K4,  04,  A4,  G<r>,  and  they  are  perigynous:  the  fruit  is  indehiscent,  and  the 
sepals  remain  adherent  to  it  in  the  form  of  four  horns  :  it  contains  two  seeds. 

Order  2.  HALOEAGiDACEiE.  Flower  sometimes  monosporangiate, 
epigynous,  usually  tetramerous  throughout ;  stamens  often  in  two 
whorls,  and  then  obdiplostemonous :  sometimes  the  corolla  or  the 
whorl   of    stamens    opposite   to   the    petals   is    wanting :    ovary 

1-4-merous,  with  a  single  sus- 
pended ovule  in  each  loculus ; 
seed  containing  endosperm. 

Myriophyllum  verticillatum  and  spi- 
catum,  the  Water-Milfoils,  are  aquatic 
plants  with  finely  divided  leaves  and 
small,  generally  diclinous,  flowers 
borne  above  the  water  in  terminal 
spikes. 

The  genus  Gunnera  includes  land- 
plants  with  large  leaves  :  the  flower  is 
dimerous,  but  is  frequently  reduced  by 
the  suppression  of  the  corolla,  or  of 
one  of  the  series  of  sporophylls  (diclin- 
ous) :  the  dimerous  ovary  produces  but 
a  single  ovule. 

The  genus  Hippuris  consists  of  the 
single  (British)  species  H.  vulgaris 
the  Mare's-tail.  It  is  an  aquatic  plant,  bearing  its  very  much  reduced  flowers 
singly  in  the  axils  of  the  whorled  leaves  :  there  is  no  corolla,  and  the  calyx  is 
rudimentary :  there  is  a  single  epigynous  stamen,  and  a  monomerous  ovary 
containing  a  single  suspended  anatropous  ovule. 

Order  3.  Lythrace^.  Flowers  perigynous,  with  usually  both 
whorls  of  stamens :  formula  Kn,  Cn,  |  ^n  +  n,  G'^*,  where  n  =  3 — 16 : 
ovary  free  in  the  hollow  receptacle :  an  epicalyx  formed  by  connate 
stipules  is  often  present :  seed  without  endosperm. 

Ly thrum  Salicaria,  the  Loosestrife,  occurs  in  bogs  and  ditches :  flower 
usually  pentamerous  or  hexamerous :  the  stamens  of  the  two  whorls  are  unequal 
in  length,  and  the  length  of  the  style  also  varies;  three  forms  of  flowers  are 
thus  produced  (trimorphism ;  see  p.  455):  the  other  British  genus  is  Peplis ; 


Fig.  430.  — Part  of  a  flowering  stem  of 
Hipimris  vulgaris.  The  leaves  are  cut  away. 
CAfter  Sachs.) 
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p.  Portnia  is  the  Water- Purslane ;  it  has  usually  hexamerous  flowers  and  an 
indehiscent  fruit :  pynaeceum  dimerous  in  both  genera.  Several  species  of 
Cuphea,  having  a  dorsiventral  flower,  with  a  posteriorly  spurred  calyx-tube, 
from  Mexico,  are  cultivated. 

Order  4.  Mybtace^.  Flowers  4-  or  5-merous,  epigynous  :  sta- 
mens often  very  numerous,  free,  or  connate  in  usually  antipetalous 
bundles  (Fig.  431) ;  sometimes  few  and  obdiplostemonous :  ovary 
1-GO  -locular ;  seeds  l-oc  in  each  loculus,  without  endosperm : 
placentation  and  frait  various :  leaves  usually  opposite,  dotted 
with  oil-glands.     Shrubs  or  trees. 

Tribe  1.     Myrtece.    Fruit  a  berry  or  a  drupe ;  stamens  indefinite. 

Myrtiis  communis  is  the  Myrtle  of  Southern  Europe  ;  the  genus  Eugenia 
includes  a  number  of  ornamental  shrubs,  among  which  is  E.  (Jambosa)  Caryo- 
jyhyllus,  the  buds  and  flowers  of  which  yield  the  spice  known  as  cloves  (Fig.  432). 

Tribe  2.  Leptospermcce.  Fruit  a  capsule,  dehiscing  loculicidally  from  above 
downwards:  stamens  generally  indefinite,  frequently  in  bundles  which  are 
opposite  either  to  the  sepals  or  to  the  petals  (Fig.  431). 


Fto.  431.— Lon^tudinal  section  of 
the  flower  of  Calothamnus  :  /  ovary  ; 
«  calyx;  p  corolla;  «t  antipetalous 
bundle  of  stamens;  y  style.  (After 
Sachs.) 


Fig.  432.— Flower-bud  of  Jamhosa 
Caryophyllus,  the  Clove,  in  longitudi- 
nal section  ;  /theinferior  ovary,  with 
the  oil-glands  (dr);  sfc  the  ovules;  k 
calyx;  c  corolla;  »t  stamens;  a  an- 
thers ;  g  style  (enlarged). 


Callistemon,  Melaleuca,  MetrosideroR,  Calothamnus,  and  others,  are  or- 
namental plants  :  Eucalyptus  Globulus,  from  Australia,  is  much  planted  in 
marshy  districts,  which  it  tends  to  dry  up  by  its  active  transpiration. 

Tribe  3.  ChamalaitcUce.  Stamens  often  definite  and  obdiplostemonous : 
ovary  unilocular  :  fruit  usually  one-seeded  and  indehiscent. 

Tribe  4.  Lecythidecs.  Fruit  large,  woody,  dehiscing  with  a  lid,  or  inde* 
hiscent ;  leaves  scattered,  without  oil-glands  ;  stamens  indefinite.  This  tribe  is 
sometimes  regarded  as  a  distinct  order,  LECYTHiDACEif:. 

Jiertholletia  exceha  grows  in  tropical  America ;  its  seeds  are  known  as 
Brazil  uuts. 
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Tribe  5.  Granatea.  Fruit  resembling  a  pome  ;  leaves  opposite,  without  oil- 
glands.     This  tribe  is  sometimes  regarded  as  a  distinct  order,  Pdnicace.^. 

Panica  Granatum,  the  Pomegranate,  grows  in  Southern  Europe  ;  flowers 
5-8-merous ;  receptacle  petaloid ;  stamens  indefinite ;  in  the  ovary  there  are  two 
whorls  of  loculi,  an  external  superior  of  which  the  loculi  are  as  numerous  as 
and  are  opposite  to  the  petals,  and  an  internal  inferior  consisting  of  three  loculi. 

Order  5.  Rhizophorace/E.  Tropical  trees  with  aerial  roots, 
known  as  Mangroves :  the  seed  germinates  in  the  fruit  whilst  it  is 
still  attached  to  the  tree;  when  the  projecting  radicle  has  attained 
a  length  of  one  or  two  feet,  either  the  whole  fruit  drops  off,  or  only 
the  radicle  (inch  hjpocotyl)  ;  in  either  case  the  pointed  free  end 
of  the  radicle  sticks  firmly  in  the  mud  on  which  the  Mangroves 
grow. 

The  principal  genera  are  Rhizophora,  Bruguiera,  Carallia. 

Cohort  I Y.  Resales.  Flowers  actinomorphic  or  zygomorphic, 
usually  ambisporangiate  and  perigynous  :  stamens  rarely  fewer  in 
number  than  the  petals  or  equal  to  them,  generally  indefinite  in 
numerous  whorls  :  gynseceum  more  or  less  completely  apocarpous  : 
ovules  anatropous,  suspended  or  erect :  seed  generally  without 
endosperm. 

Order  1.  Rosacej;.  Flowers  actinomorphic,  rarely  zygomorphic, 
perigynous :  gyneeceum  generally  apocarpous ;  carpels  l-oo  ;  ovules 
1  or  few,  anatropous :  fruit  various ;  seed  generally  without 
endosperm :  leaves  scattered,  stipulate ;  the  odd  sepal  is  posterior. 

Tribe  1.  Rosece,  Carpels  numerous,  attached  to  the  base  and  sides  of  the 
hollow  receptacle,  which  is  narrow  above  (P'ig.  433  C) ;  each  contains  a  single 
suspended  ovule ;  when  ripe,  they  are  achenes  enclosed  in  the  fleshy  receptacle : 
the  sepals  are  frequently  persistent  at  the  top  of  it.  Shrubs  with  imparipinnate 
leaves;  the  stipules  are  adnate  to  the  petiole  (see  Fig.  316). 

Many  species  of  Rosa,  the  Rose,  are  wild,  such  as  R.  arvensis,  canina,  and 
ruhiyinosa  (Sweet-Briar  or  Eglantine) ;  and  many  others  are  cultivated,  as  R. 
centifolia,  damascena,  indica,  (jalUca,  etc. 

Tribe  2.  Spirmece.  Carpels  usually  5,  each  containing  two  or  more  suspended 
ovules ;  they  are  inserted  upon  the  floor  of  the  flat  open  receptacle,  and  become 
follicles ;  the  calyx  is  persistent  till  the  fruit  is  ripe. 

Spircea  Vlmaria,  Meadow-sweet,  andS.  Filipendula,  Dropwort,  occur  in  woods, 
meadows,  etc.  ;  Sp.  sorbifolia,  media,  uliuifolia,  and  other  species,  Kerria 
japonica,  and  Rhodotypus  (with  drupes),  are  ornamental  shrubs. 

Tribe  3.  Prunece.  The  single  carpel,  containing  two  suspended  ovules,  is 
inserted  on  the  floor  of  the  receptacle  (Figs.  433  A  and  434  A) ;  the  receptacle 
and  the  calyx  fall  off  when  the  fruit  is  ripe  :  stamens  usually  in  three  whorls 
of  5  or  10 ;  fruit  a  drupe  (Fig.  344) ;  only  one  seed  is  usually  present. 

Prunus  is  the  principal  genus  of  the  tribe.  In  the  sub-genus  Amygdalus  the 
fruit  has  a  furrowed  coriaceous  endocarp  ;  Prunus  Amygdalus  {A,  communis). 
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the  Almond-tree,  and  nana,  are  trees  of  Southern  Europe  ;  P.  Per^ica  is  the 
Peach  :  in  the  Pub  gpnus  Prunophora,  the  fruit  has  a  smooth  stony  endocarp; 
P.  communis  (spiuosa)  is  the  Sloe  or  Blackthorn ;  P.  Armeniaca  is  the  Apricot 
P.  domesdca  is  the  Wild  Plum,  it  has  an  ovoid  fruit  and  glabrous  shoots  ;  P. 
insititia  is  the  Bullace,  it  has  a  globoid  fruit  and  hirsute  shoots:  in  the  sub- 
genus Cerasus,  P.  Cerasm,  the  Dwarf  or  Morello  Cherry,  has  foliage-leaves  at  the 


Fig.  433.— Diagrammatic  longitudinal  sections  of    Rosaceous  flowers.     A  Pruneae. 
B  PotentiUeae.    C  Rosese.     D  PomeEe  :  fc  calyx;  c  corolla ;  /ovaries ;  n  stigmata. 

base  of  its  umbellate  inflorescences;  P.  Avium,  the  Wild  Cherry  or  Gean,  has 
only  scales  at  the  base  of  its  inflorescences:  in  the  sub-genus  Laurocerasus, 
P.  Mahaleb,  the  Damson,  has  fragrant  bark;  P.  Padus,  the  Bird-Cherry,  has 
elongated  racemose  inflorescences ;  P.  Lavrocerasuii,  the  Cherry-Laurel,  has  ever- 
green leaves  which  somewhat  resemble  those  of  the  true  Laurel ;  P.  lusitanua 
is  the  Portugal  Laurel. 

Tribe  4.  Poteriea.  Flowers  often  monosporangiate :  corolla  often  absent  : 
ovaries  few,  often  but  one,  monomerous,  enclosed  in  the  cavity  of  the  receptacle 
which  hardens  as  the  seed  ripens  :  ovules  solitary,  suspended. 

The  genus  Alchemilla  has  tetramerous  flowers  destitute  of  a  corolla,  the 
stamens  (4  or  fewer)  alternate  with  the  sepals;  an  epicalyx  is  present:  A. 
vulgaris,  the  Lady's  Mantle,  and  A.  arvemis,  are  common.  In  the  genus  Pote- 
rium,  the  flowers  of  the  sub-genus  Sanguisorba  (P.  officinale,  the  great  Burnet), 
have  no  corolla,  the  four  stamens  are  opposite  the  sepals,  and  they  have  no 
epicalyx :  the  flowers  of  the  sub-genus  Poterium  (P.  Sanguisorba,  the  Salad 
Burntt),  resemble  those  of  the  pre- 
ceding, but  the  stamens  are  in- 
definite, and  they  are  polygamous. 
The  flower  of  Agrimonia  is  penta- 
merous;  it  has  a  corolli  and  in- 
definite stamens  ;  the  outer  surface 
of  the  receptacle  is  beset  with 
bristles. 

Tribe  5.  Potentillece.  The  ovaries, 
which  are  numerous,  are  inserted 
upon  a  prolongation  of  the  axis  into 
the  cavity  of  the  receptacle  (Figs. 
433  li  and  434  B)  ;  each  usually  con- 
tains one  ovule.     The  calyx  is  often 


Fig.  434.— i4  Flower  of  the  Cherry:  «  pe- 
dnnclo  ;  c  corolla ;  a  stamens ;  g  ftyle,  pro- 
jecting out  of  the  cavity  of  the  receptacle.  B 
Fruit  of  the  Blackberry,  Bubtu  /rueioonu: 
h  calyx ;  /  fleshy  ovariea. 
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surrounded  by  an  epicalyx  formed  by  the  connate  stipules  of  the  sepals  (Fig. 
330  C).  The  stamens  are  usually  indefinite,  each  whorl  consisting  of  as  many 
or  twice  as  many  stamens  as  there  are  petals.  These  flowers  are  distinguished 
from  those  of  the  Ranunculacese,  which  they  somewhat  resemble,  by  the  whorled 
arrangement  of  the  stamens  and  by  the  presence  of  the  hollow  receptacle  ; 
for  in  Eanunculaceous  flowers  the  stamens  are  arranged  spirally  and  the  sepals 
are  quite  free. 

Of  the  genus  Potentilla,  the  Cinquefoil,  which  has  dry  fruits  and  a  dry 
receptacle,  many  species  are  common,  such  as  P.  anserina,  the  Silver-weed, 
reptans,  Tormentilla,  &nd  others :  the  sub  genus  Sibbaldia  includes  the  species 
F.  procumbens,  which  is  found  on  Scottish  mountains  :  the  sub-genus  Comarum  • 
includes  the  species  P.  Co»iarMni,the  Marsh  Cinquefoil.  Fragaria  is  the  Strawberry; 
the  receptacle  becomes  succulent  as  the  fruit  ripens  and  bears  the  small  achenes 
on  its  surface;  F.  vesca  and  elatior  are  found  in  woods  ;  F.  tirginiana  and  other 
North  American  species  are  cultivated.  In  the  genus  Rubus  there  is  no 
epicalyx,  the  ovary  contains  two  ovules,  and  the  fruits  are  succulent  (drupels)  ; 
Rubus  Idceus  is  the  Easpberry  ;  its  fruits  separate  from  the  dry  receptacle  when 
they  are  ripe  :  in  R.  fruticosus,  the  Blackberry,  and  R.  ccesius,  the  Dewberry, 
the  upper  part  of  the  receptacle  separates  together  with  the  fruits  when  ripe. 
Dryas  octopeala,  the  Mountain  Avens  (without  epicalyx)  is  a  procumbent 
alpine  shrub  with  an  oval  long-tailed  fruit  (resembling  that  of  Clematis  Vitalha). 
An  epicalyx  is  present  in  most  species  of  Geum :  Geum  urbanum  and  rivale 
(Avens)  occur  in  woods  and  damp  fields ;  the  long  style  is  hooked. 

Tribe  6.  Pomece.  Ovaries  five  (X  fewer,  contained  in  the  cavity  of  the 
receptacle,  connate,  and  adnate  to  the  wall  of  the  receptacle  (Fig.  433  D).  The 
spurious  fruit  is  surmounted  by  the  calyx.  The  individual  fruits  either  become 
hard  and  are  like  small  drupes  imbedded  in  the  fleshy  receptacle,  or  they  have 
only  a  thin  wall,  so  that  they  are  m^  re  like  capsules  and  seem  to  be  loculiof  the 
whole  fruit,  as  in  the  apple  for  instance,  where  the  succulent  portion  is  derived 
from  the  receptacle,  and  the  core  consists  of  the  fruits  enclosing  the  seeds, 
which  are  basal,  generally  two  in  each  carpel.  Stamens  indefinite :  no  epicalyx, 
Shrubs  or  trees  with  deciduous  stipules. 

I.  With  stony  fruits. 

In  the  genus  Cotoneaster,  the  fruits  project  above  the  receptacle  :  in  CrataD- 
gus,  the  Hawthorn,  they  are  completely  enclosed  ;  C  Oxyacautha,  the  May,  and 
its  var.  monogyna,  the  common  White  Thorn,  are  common  ;  other  species  fr.)m 
the  East  and  from  North  America  are  cultivated :  Mespilus,  the  Medlar,  has  a 
large  fruit  which  is  surmounted  by  the  five  large  sepals. 

II.  With  coriaceous  fruits. 

The  genus  Cydonia,  the  Quince,  has  numerous  ovules  on  the  ventral  suture  of 
each  carpel ;  the  outer  layers  of  cells  of  the  testa  are  mucilaginous.  The  genus 
Pyrus  has  two  basal  ovules:  P. communis  and  others  are  the  Pear-trees  ;  the 
loculi  of  the  spurious  fruit,  seen  in  transverse  section,  are  rounded  towards  the 
exterior ;  the  fruit  is  not  hollowed  at  the  base  :  the  sub  genus  Malus  includes 
P.  Malus  and  others,  the  Apple-trees ;  the  fruit  is  hollowed  at  the  base,  and 
the  loculi,  seen  in  transverse  section,  are  pointed  towards  the  exterior :  the  sub- 
genus Sorbus  resembles  the  preceding,  but  has  pinnatifid  leaves  ;  it  includes 
P.  Aucuparia,  the  Mountain  Ash   or   llowan-tree,  as  also   P.    domestica,  the 
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true  Service-Tree,  and  P.  tormhialis,  the  Wild  Service-Tree :  the  sub-genus 
Aria,  includes  P.  Aria,  the  White  Beam.  The  genus  Amelanchier  includes 
the  European  A.  vuhjaris,  and  A.  canadensu,  the  June  Berry.  The  genera 
Raphiolepis  and  Photinia  (incl.  Eriobotrya,  the  Loquat),  include  well-known 
cultivated  flowering  shrubs. 

There  are  two  other  tribes  of  exotic  RosaceaB,  the  Quillaieag,  ani  the  Chryso- 
balaneffi,  concerning  which  it  is  impossible  to  go  into  detail ;  in  the  latter  the 
gynjeceum,  which  is  raonomerous  as  in  the  Prunese,  is  peculiar  in  that  the 
style  is  gynobasic ;  and  in  some  of  the  genera  (Hirtellinae),  the  flower  is 
irregular  and  zygomorphic. 

Order  2.  Leguminosj;.  Flov^^ers  usually  dorsiventral,  perigy- 
nous,  pentamerous,  with  calyx  and  corolla :  stamens  ten  or  more  : 
ovary  of  a  single  anterior  carpel ;  ovules  borne  on  the  ventral 
suture:  frait  a  legume  or  a  lomentum:  flowers  always  lateral: 
leaves  nearly  always  compound. 

The  Leguminosae,  more  particularly  the  Papilionese,  are  remarkable   physi- 
ologically by  the  presence  of  tubercles  on  their  roots,  caused  by  the  attack  of  a 
Fungus,  and  by  their  extraordinary  faculty  of  flourishing  in  soils  poor  in  com- 
bined nitrogen :    these    two  facts  are  un- 
doubtedly correlated,  but  the  exact  nature  ,     P^ 
of  the  correlation  is  still  a  matter  of  dis-  '   ~^vV 
cussion  (see  Part  IV.).  ;ir        VlVL— v?    /I 

Sub-order  1.  Papilione;e.  Flowers  dorsi-  j   /^':^^^^^^m 

ventral,  papilionaceous  (Fig.  327  A^.     The  1/''"**^^^^^^^ 

five  sepals,  the  odd  one  being  anterior,  are  ^ 

usually  connate,  forming  a  tube  above  the  j            a,t,  /HpT'^ 

insertion  of  the  corolla  and  the  androecium  :  >g.    ■_/j-<^W^^ 

the    five   lobes   are    usually   unequal   and  f^ir  i  "^^ 

sometimes  form  two  lips,  the  lower  of  three  t-.       .«,r     x^i  <•  r  x 

^  '  Fig.  t36.— Flower  of  Lotus  cornicw- 

and  the   upper  of  two   teeth  :  petals  five,  i^^^^  (  somewhat  mag.).    A  With  one 

alternate  with  the  sepals,  imbricate  so  that  ala  removed  ;  k  calyx ;  /a  vexillum  ; 

tbe  anterior  petals  are  overlapped  by  those  ;lala;  s  carina.    B  With  the  corolla 

behind  them  ;  tbe  posterior  petal  is  much  removed  ;  rtuhe  formed  by  the  nine 

,  ,  ,    .  n   J   i.1  -Ti         /T^-  stameng;  a,  the  free  stamen;  a  an- 

enlarged,  and  is  called  the  vexillum  (Fig. 

^  ^     °  ther ;  H  stigma. 

435  A  fa) ;    the  two  lateral  petals,  which 

are  much  smaller,  are  termed  the  alte  (Fig  435  A,  fi)\  the  two  anterior  petals 
are  connate  or  sometimes  simply  apposed,  and  form  a  hollow  boat-shaped  body, 
the  keel,  or  carina  (Fig.  435  A.ti).  In  a  few  cases  the  corolla  is  entirely  or 
partially  suppressed ;  thus  in  Amorpha,  only  the  vexillum  is  present.  The  ten 
stamens  belong  to  a  single  whorl,  with  direct  diplostemony ;  they  are  either 
connate  and  monadelphous,  forming  a  tube,  or  tbe  posterior  stamen  may  be  free, 
so  that  the  tube  consists  of  nine  etamens,  and  is  incomplete  posteriorly  (Fig.  435 
7?),  in  which  case  the  androecium  is  diadelphous  (9-1)  ;  rarely  the  stamens  are 
all  free;  they  mostly  curve  upwards,  and  diminish  in  length  from  in  front  back- 
wards. The  ovary,  enclosed  by  the  staminal  tube,  consists  of  a  sohtary  anterior 
carpel ;  it  is  often  divided  into  chambers  by  a  spurious  longitudinal  septum,  or 
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by  transverse  septa  into  several  chambers.  The  fruit  is  usually  a  legume  or  a 
lomentum  (Fig.  312  A),  rarely  one-seeded  and  iudehiscent  :  the  seed  frequently 
contains  scanty  endosperm.  The  flowers  are  solitary  and  axillary,  or  in 
racemes.  The  leaves  are  only  rarely  entire,  usually  palmately  or  pinnately 
compound,  with  often  large  stipules  (Fig.  28  C),  which  are  sometimes  spines 
(Kobinia) . 

Tribe  1.  Sophorecs.  Stamens  all  free  :  leaves  usually  compound  pinnate  : 
trees  or  shrubs.    Species  of  Sophora,  Cladrastis,  and  Virgilia,  are  cultivated. 

Tribe  2.  Podalyriece.  Stamens  all  free  :  leaves  usually  simple  or  ternate  : 
shrubs  or  herbs.  Species  of  Baptisia  and  Thermopsis  are  cultivated  as  herbace- 
ous plants  in  gardens. 

Tribe  3.  Genistece.  Stamens  usually  monadelphous  :  leaves  simple  or  com- 
pound ternate. 

In  Ulex,  the  "Whin,  Gorse  or  Furze,  Genista  the  Green-weed,  Cytisus  (Saroth- 
amnus)the  Broom,  andLupinus,  the  stamens  are  monadelphous;  in  Genista  the 
leaves  are  simple ;  in  Cytisus  the  leaves  are  ternate ;  in  Ulex  the  leaves  are 
ternate  in  seedlings,  but  in  mature  plants  they  are  scaly  or  spinous ;  in  Lupinus 
the  leaves  are  palmately  compound.  Cytuus  Labimmm  is  a  well-known  flower- 
ing tree. 

Tribe  4.  TrifoUece.  The  posterior  stamen  is  usually  free ;  leaves  ternate, 
and  leaflets  with  serrate  margins. 

In  Medicago  (Medick),  Melilotus,  and  Trifolium,  the  stamens  are  diadelphous : 
in  Ononis,  the  Rest-harrow,  they  are  monadelphous.  Trifolium  is  the  Clover  : 
the  stamens  are  partially  adnate  to  the  corolla ;  the  withered  corolla  persists 
and  encloses  the  small  legume  :  flowers  in  capitula ;  T.  pratense,  the  Red 
Clover,  2\  repeim,  the  White  Clover,  and  T.  hyhriduin,  the  Alsike  Clover,  which 
are  common  in  meadows,  and  T.  incarnatum,  from  the  East,  are  cultivated. 
Medicago  has  usually  a  spirally- wound  legume,  and  a  deciduous  corolla  ;  M. 
falcata  and  liipulina  are  common  ;  M.  sativa,  Lucerne,  is  cultivated.  Melilotus 
(Melilot)  has  a  globular  legume  ;  M.  alba  and  altissima  are  common  on  the 
banks  of  streams.    Trigonella  is  the  Fenugreek. 

Tribe  5.  Lotece.  Stamens  diadelphous,  the  posterior  stamen  being  free  : 
leaves  pinnate  ;  leaflets  sessile,  entire. 

Lotus  corniculatus,  the  Bird's-foot  Trefoil,  with  a  beaked  carina  and  nearly 
straight  legume,  is  common  in  meadows.  In  Authyllis,  the  Kidney- Vetch,  the 
stamens  are  monadelphous  at  first,  the  posterior  stamen  becoming  more  or  less 
separate :  Anthyllis  Vulneraria,  Ladies'  Fingers  or  Woundwort,  is  common  in 
dry  pastures. 

Tribe  6.  Galegea.  Stamens  diadelphous  :  leaves  multijugate  imparipinnate  ; 
leaflets  stalked. 

Indiyofem  tinctoria,  in  the  East  Indies,  produces  Indigo.  Glycyrrhiza  is  the 
Liquorice.  Colutea,  the  Bladder  Senna,  has  an  inflated  fruit :  C.  arborescens 
and  various  species  of  Caragana  are  cultivated  as  ornamental  plants.  Rohinia 
Pseudacacia,  the  false  Acacia,  is  a  native  of  North  America,  but  it  has  become 
naturalized.  Amorpha  fruticoAa  is  a  common  shrub  from  North  America. 
Astragalus  has  a  legume  with  a  spurious  longitudinal  dissepiment :  very  many 
species  of  it  occur,  especially  in  the  East. 
Tribe  7.     Hedysarea.    Leaves  imparipinnate  ;  stamens  diadelphous :  fruit  a 
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lomentum,  with  transverse  septa,  dividing  into  segments.  Cotyledons  leafy, 
epigaeal. 

Hippocrepis,  the  Horse-shoe  Vetch,  and  Coronilla  are  common  in  meadows  ; 
Ouohryclm  mtiva,  the  Sainfoin,  is  cultivated.  Arachis  hypogim,  the  Earth- 
Almond  or  Ground-Nut  of  tropical  America,  ripens  its  fruits  in  the  earth. 
Dexvtodium  gyrans,  the  Telegraph-plant,  has  motile  leaflets. 

Tribe  8.  Viciece.  Stamens  diadelphous :  legume  unilocular ;  cotyledons 
hypogean;  leaves  paripinnate  and  usually  cirrhose  (see  Fig.  28  C). 

Vicia  sativa,  the  Vetch,  and  V.  Faba,  the  Bean,  are  cultivated  :  other  species 
occur  wild.  Pisum  sativum  and  arvense,  the  Pea,  are  cultivated.  Lena  esculenta, 
the  Lentil,  belongs  to  Southern  Europe.  Various  species  of  Lathyrus  (inch 
Orobus)  occur  wild  in  woods :  L.  odoratun  and  others  are  cultivated. 

Tribe  9,  Phaseolea.  Stamens  diadelphous :  legume  unilocular ;  cotyledons 
usually  epigean,  but  not  leafy  :  leaves  usually  imparipinnate,  frequently  ternate. 
Mostly  climbing  plants  with  twining  stems. 

Fhaseolus  vulgaris,  the  French  Bean,  and  P.  multijiorus,  the  Scarlet  Runner, 
are  cultivated.  Wistaiia  {Glycine)  chinemis  is  an  ornamental  climber.  Phy- 
sostigma  is  the  Calabar  Bean. 


FiO.  436.— Flower  of  a  Cassia  : 
Jr  calyx  ;  c  corolla  ;  a  stamens  ;  a' 
the  central  shorter  ones  ;  /  ovary. 


F.G.  437.— Flower  of  an 
Acacia  (mag.) :  fc  calyx ;  c 
corolla  ;  st  stamens,  with 
(an)  anthers  ;  n  stigma. 


Tribe  10.  Dalbergiece.  Stamens  mono-  or  dia-delphous :  legume  indehiscent ; 
cotyledons  fleshy. 

Pterocarpus.  Dipteryx  odorata,  the  Tonka  Bean  6t  South  America,  contains 
coumarin  in  the  seed. 

Sub-order  2.  C^salpinie^.  Flower  dorsiventral,  but  not  papilionaceous 
(Fig.  327  B  and  Fig.  436)  ;  petals  imbricate  so  that  the  posterior  petal  is 
overlapped  by  those  anterior  to  it ;  stamens  ten  or  fewer,  free,  more  rarely 
connate  :  the  legume  is  frequently  divided  by  transverse  septa,  and  is  in- 
dehiscent  :  flowers  in  panicles  or  racemes  :  seeds  often  albuminous. 

Gleditschia  triacanthos  and  other  species  are  culivated  for  ornament.  Cercis 
Siliquastrum,  the  Judas  tree,  has  rounded  leaves.  The  wood  of  Ciemlpinia 
hrmiliensi*  is  known  as  Pernambuco  or  Brazil  wood.  Hn3matoxylon,  Cassia, 
Bauhinia,  Tamariudus,  and  Ceratouia  [C.  Siliqua,  the  Carob-tree)  are  other 
well-known  genera. 

Sub-order  3.    Mimose.e.     Flowers  regular;   petals  with  valvate  aestivation 
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(see  Fig.  321) :  stamens  ten,  rarely  fewer,  frequently  very  numerous,  free 
(Fig.  437),  usually  much  longer  than  the  perianth  :  legume  sometimes  divided 
by  transverse  septa  :  seed  rarely  albuminous  :  flowers  usually  grouped  in  spikes 
or  capitula. 

Mimosa  pudica,  the  Sensitive  Plant,  has  irritable  leaves.  Species  of  Acacia 
are  numerous  ia  Africa,  Asia,  and  Australia.  In  the  Australian  species  the 
leaves  are  represented  by  flattened  petioles  (phyllodes,  p.  49)  which  are  extended 
in  the  median  plane. 

Order  3.  Platanacej].  Trees,  with  diclinous  flowers  in 
capitula  borne  laterally  on  pendulous  branches;  flower  perigynous, 
perianth  differentiated  into  calyx  and  corolla,  3-4-merous  :  andrcB- 
cium  of  but  few  stamens  :  gynasceum  apocarpous  ;  each  ovary 
contains  usually  a  single  ovule,  and  developes  into  a  caryopsis  ;  seed 
suspended,    orthotropous,    with    but    little    endosperm:     leaves 

scattered,     with    persistent     sheathing 

stipules. 

Platanus  occidentalis,  from  North  America, 
with  three-lobed  leaves,  and  P.  orientalis,  from 
the  East,  with  usually  five-lobed  leaves,  which 
are  often  cuneiform  at  the  base,  are  frequently 
cultivated  (especially  the  former).  The  smooth 
bark,  which  is  shed  in  flakes,  is  very  character- 
istic (p.  212).  The  Plane  may  be  at  once  dis- 
tinguished from  the  Maples,  which  resemble  it  a 
good  deal  in  the  form  of  the  leaf,  by  the  scattered 
Fig.  438.  ?  flower  of  Platanus  arrangement  of  the  leaves, 
(mag.). 

Cohort  V.  Saxifragales.  Flowers  generally  ambisporangiate 
and  actinomorphic ;  hypogynous,  perigynous  or  epigynous :  ea- 
cyclic  ;  stamens  usually  in  two  whorls,  with  obdiplostemony ; 
ovary  generally  syncarpous,  multilocular,  with  more  than  one  style 
or  stigma  ;  ovnles  usually  numerous  in  each  loculus  ;  seed  with 
or  without  endosperm. 

Order  1.  SAXiFKAGACFiE.  Flowers  usually  4-5-merous,  epigy- 
nous or  perigynous,  completely  actinomorphic  only  when  there  are 
five  carpels  :  stamens  usually  in  two  whorls ;  carpels  less  numer- 
ous, usually  connate  below  and  free  above  ;  seeds  numerous, 
containing  endosperm. 

Tribe  1.  Saxifragece.  Flowers  perigynous  or  epigynous,  regular,  but 
generally  zygomorphic  in  consequence  of  oligomery  in  the  gynaeceum :  petals 
with  imbricate  aestivation,  sometimes  suppressed :  two  whorls  of  stamens,  but 
one  or  other  of  the  whorls  is  suppressed  in  some  genera  and  species  :  carpels 
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usually  two,  diverging  above  (Fig.  335  D) :  inflorescence  of  racemose  cymes : 
fruit  a  capsule  :  leaves  alternate. 

The  British  genera  are  Saxifraga  and  Chrysosplenium :— Saxifraga  has  an 
oblique  bilocular  ovary,  and  the  flower  is  consequently  obliquely  zygomorphic 
(Fig.  324  C)  ;  the  receptacle  invests  the  lower  connate  portion  of  the  ovary : 
many  species  occur  in  mountainous  districts,  and  in  several  of  them  there  is  a 
deposit  of  carbonate  of  lime  on  the  margins  of  the  leaves  (see  Fig.  100,  p.  139) ; 
only  a  few  species,  such  as  S.  tridactylites  and  granulata,  occur  in  the  plains  : 
Chrysosplenium,  the  Golden  Saxifrage,  has  a  tetramerous  flower  destitute  of  a 
corolla ;  they  are  small  plants,  somewhat  resembling  a  Euphorbia,  occurring  in 
damp  places.  Among  the  more  familiar  cultivated  genera  are  Astilbe  (Hoteia), 
Rodgersia,  Bergenia  (Fig.  439),  Tiarella,  Heuchera,  etc. 

Tribe  2.  Paniassiece.  Flowers  perigynous,  often  actinomorphic ;  the  five 
stamens  opposite  to  the  petals  are  transformed  into  glandular  staminodes ; 


FiG.  439.— Longitudinal  section  of  the 
ovary  of  Bergenia  ;  g  style  ;  n  stigmata  ; 
p  placentae  (mag.)-    (After  Sachs.) 


Fig.  440.— Floral  diagram  of  Parnassia ; 
but  the  whorl  of  antipetalons  staminode-s 
should  be  represented  as  external  to  the 
whorl  of  stamens. 


petals  with  imbricate  aestivation :  ovary  4-5-merous,  unilocular :  fruit  a  loculi- 
cidal  capsule  :  leaves  alternate, 

Parnassia  palustris,  Grass  of  Parnassus,  has  a  whorl  of  radical  leaves,  and 
terminal  and  lateral  peduncles  each  bearing  a  single  flower  and  adnate  to  a 
bracteole  :  it  is  frequently  found  in  damp  localities. 

Tribe  3.  Hydrangece.  Flowers  epigynous,  actinomorphic,  obdiplostemonous : 
petals  with  valvate  testivation :  carpels  3-5  :  shrubs  with  opposite  leaves. 

Hydrangea  hortemis  is  a  well-known  garden  plant.  The  inflorescence  is  an 
umbellate  panicle,  the  marginal  flowers  of  which  (in  cultivated  plants  all  of 
them)  are  sterile,  having  a  very  much  enlarged  calyx,  and  either  no  stamens  or 
only  the  whorl  of  stamens  opposite  to  the  sepals. 

Tribe  4.  PhiladelphetP.  Flowers  epigynous,  actinomorphic,  4-5-merous  : 
stamens  in  two  whorls  but  not  obdiplostemonous,  or  indefinite  :  petals  with 
various  testivation  :  fruit  a  capsule  :  shrubs  with  opposite  leaves. 

Philadelphm  coronarius  (called  Syringa  or  Mock  Orange)  has  sweetly-scented 
tetramerous  flowers.     Deutzia  scabra,  crenata,  and  others  are  cultivated. 
V.  S.  B.  T  T 
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Tribe  5.  Rihesiece.  Flowers  epigynous,  incompletely  actinomorphic,  penta- 
merous :  stamens  five,  opposite  to  the  sepals ;  carpels  usually  two,  usually 
median,  sometimes  lateral  (Fig.  324B) :  fruit  a  berry :  leaves  scattered :  inflo- 
rescence racemose.     Shrubs. 

Several  species  of  Ribes,  the  Currant,  are  cultivated  :  JR.  rubrnm  is  the  Eed 
Currant;  R.  nigrum,  the  BlsLck  Currant;  R.  Grossiilaria,  the  Gooseberry:  the 
spines  of  the  last  species  are  developed  from  the  pulvinus. 

Various  species  of  Escallonia  are  cultivated  as  ornamental  floweriog  shrnbs. 

Order  2.  Ckassulace^.  Formula  Kn,  Cn,  \  Jn-f  n,  Gn,  where 
n  =  3 — 30:  flowers  actinomorphic,  perigynous  or  hjpogynous, 
with  two  (rarely  one)  whorls  of  stamens  :  gynseceum,  generally 
completely  apocarpous ;  carpels  opposite  to  the  petals,  with  a  scale 
(disc),  external  to  each  carpel :  ovules  numerous,  marginal :  fruit 


Fig.  441.— Flower  of  Bibes  (mag.):    8  Fig.  412.— Flower  of  Sedum  aci<;(x  3). 

pedicel ;  fc  calyx ;  c  corolla ;  st  stamens  ; 
b  disc  ;  g  styles. 

a  follicle  :    seed  with  endosperm  :    inflorescence   usually  cymose. 
Plants  with  entire  fleshy  leaves,  arranged  spirally,  often  in  rosettes. 

The  genus  Sedum  has  usually  pentamerous  flowers  ;  Sednni  acre,  the  Stone- 
crop,  is  common  on  walls  and  rocks ;  S.  Rhodiola  has  dioecious  flowers  (see 
Fig.  318).  S.  Telephium,  the  Orpine  and  others  are  common.  The  genus  Sem- 
pervivumhas  at  least  6-merou8  flowers;  S.  Tectontm,  the  Houseleek,  and  other 
species,  as  also  species  of  Echeveria,  Crassula,  etc.,  are  frequently  cultivated. 
Tillsea  has  usually  tetramerous  flowers  without  the  hypocarpellary  scales. 

Order  3.  Cephalotace^.  Flowers  apetalous,  perigynous,  6- 
merous :  stamens  in  two  whorls :  gynseceum  of  six  apocarpous 
carpels,  each  containing  a  single  basal  ovule. 

This  order  consists  of  the  Australian  genus  Cephalotus,  with  the  single 
species  C.  follicularis  :  the  lower  of  the  tuft  of  radical  leaves  are  pitchered  and 
have  lids. 

Order  4.  Pittosporace^.  Flowers  hypogynous  :  stamens  five, 
antisepalous :  carpels  2-5,  ovary  syncarpous,  uni-  or  multi-locular, 
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with  parietal  or  axile  placentation :  ovules  numerous :  seed  with 
endosperm.  Shrubs  with  simple  exstipulate  leaves,  and  schizo- 
genous  resin-ducts. 

Pittospomm  Tobira,  undulatum,  crassifolium,  are  ornamental  shrubs  from 
Australia. 

Order  5.  Hamamelidace^.  Flowers  frequently  diclinous  and 
apetalous,  4-5-merous,  perigjnous,  or  nearly  epigynous  :  stamens 
typically  in  two  whorls,  but  one  or  other  of  the  whorls  is  fre- 
quently suppressed  ;  ovary  usually  bilocular :  leaves  stipulate. 

Hamamelis  lirginica,  the  Witch-Hazel,  is  an  ornamental  shrub  from  North 
America,  the  leaves  of  which  somewhat  resemble  those  of  the  Hazel.  Other 
well-known  shrubs  are  Parrotia,  Liquidambar,  etc. 

Order 6.  Podostemacej;.  Small  aquatic  plants:  flowers  some- 
times diclinous  or  dioecious:  perianth  generally  much  reduced,  and 
sometimes  completely  suppressed  :  stamens  one  or  many,  some- 
times monadelphous :  ovary  superior,  1-  2-  or  3-locular  :  seeds 
many. 

A  very  remarkable  group  of  plants,  growing  on  stones,  etc.,  in  swiftly  flowing 
streams  and  rivers  of  the  tropics  :  so  complete  is  their  adaptation  to  their  en- 
vironment that  they  have  more  or  less  completely  assumed  the  general  habit 
and  appearance  of  Lichens,  Algae,  Mosses,  and  Liverworts. 


SUB-CLASS  II.     GAMOPETAL^. 

Flowers  nsually  ambisporangiate  :  perianth  differentiated  into 
calyx  and  corolla;  calyx  usually  gamosepalous ;  corolla  generally 
gamopetalons,  in  some  cases  suppressed:  ovary  nsually  syncarpous. 

SEKIES  L     HYPOGYN^. 

Ovary  superior  (except  in  Vacciniaceee)  :  stamens  epipetalous, 
or  free  and  hypogynous. 

Cohort  I.  Lamiales.  Flower  pentamerous,  usually  dorsiven- 
tral:  the  formula  is  generally  >^  K  (5)  (G  (5)  A  6)  &^;  corolla 
usually  bilabiate,  the  two  posterior  petals  being  connate  and 
forming  a  frequently  helmet-shaped  (galeate)  projecting  upper 
lip;  the  anterior  petal,  with  the  two  lateral  petals,  forming  the 
under  lip:  stamens  epipetalous;  the  posterior  stamen  is  usually 
suppressed  or  is  a  staminode ;  the  two  lateral  stamens  are  generally 
shorter  than  the  two  anterior  ones,  so  that  the  flower  is  didynam- 
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ous :  the  two  median  carpels  form  a  usually  bilocular  ovary  which 
sometimes  becomes  sub-divided  into  four  loculi :  leaves  scattered, 
or  opposite  decussate,  exstipulate  :  the  leafy  shoots  have  no  ter- 
minal flower. 

Order  1.  Labiate.  Stamens  four,  didynamous  (Fig.  443  B); 
rarely,  as  in  Salvia  and  its  allies,  only  the  two  anterior  stamens  are 
developed  :  the  bicarpellary  ovary  becomes  subdivided  by  spurious 
dissepiments  into  four  loculi  (see  Fig.  450  0),  which  part,  as  the 

seed  ripens,  into  four 
nutlets  (Fig.  443  C)  ; 
style  gynobasic  :  the 
ovule  in  each  loculus 
is  solitary  and  erect: 
seed  without  endo- 
sperm. Herbs  with 
decussate  leaves  and 
quadrangular  stem. 
The  flowers  are  dis- 
posed apparently  in 
whorls  round  the 
stem,  but  the  inflor- 
escence is  in  fact 
made  up  of  compound 
cymes  or  dichasia, 
termed  verticillasters, 
developed  in  the  axil  of  each  of  the  two  opposite  leaves. 

Tribe  1.     Ocimoidece.     Stamens  4,  descending. 

Ocimum  hasilicum,  the  Sweet  Basil,  from  India,  and  Lavandula,  the  Laven- 
der from  Southern  Europe,  are  cultivated  as  pot-herbs  :  several  species  of  Coleus 
are  cultivated. 

Tribe  2.  Menthoidece.  Stamens  4,  equal,  ascending,  divergent :  corolla 
almost  regular,  4-  or  5-lobed. 

Many  species  of  Mentha,  Mint,  are  common.  Pogostemon  Patchouli  yields 
oil  of  Patchouli.  Lycopus  has  only  2  fertile  stamens,  the  two  posterior  ones 
being  abortive. 

Tribe  3.  Satureinea.  Stamens  4,  with  broad  connective,  ascending,  either 
almost  equal  (Thymus,  Origanum),  or  didynamous  and  remote  at  base,  con- 
niving under  the  upper  lip. 

Onganum  vulgare  is. the  Wild  Marjoram;  the  Sweet  Marjoram  which  is  cul- 
tivated is  an  exotic  species.  Thymus  Serpyllum  is  the  wild  Thyme  ;  the  garden 
Thyme  is  T.  vulgaris,  from  Southern  Europe.  Satureia  hortensis  (exotic)  is  the 
Summer  Savory.  Various  species  of  Calamintha  (stamens  not  divergent)  are  com- 
mon, such  as  C.  arvensis,  the  Common  Basil,  and  C.  Clinopoduim,  the  Wild  Basil. 


Fig.  443.  A  Flower  of  Lamium,  side  view :  fc  calyx  ;  < 
upper;  u  under  lip.  B  Flower  of  Leouurus  opened :  ( 
upper :  u  divided  under  lip ;  s  lateral  lobes  of  the  corolla ; 
// short, //long  stamens  (mag.).  C  Gynseceum  ;  n  i- 
lobed  ovary;  g  style  (mag.). 
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Tribe  4.  Melissinefr.  Stamens  4,  didynamons,  with  narrow  connective,  re- 
mote at  base,  conniving  under  upper  lip. 

Melissa  officinalix,  the  Balm,  and  Hyssopus,  the  Hyssop,  are  cultivated  as 
pot-herbs. 

Tribe  5.  Monardea.  Stamens  2,  ascending :  one  theca  of  each  anther  is 
either  wanting  or  it  is  widely  separated  from  the  other  (see  Fig.  381C). 

Salvia  verbenacea,  the  Wild  Sage  or  Clary,  is  common.  Rosmarinus  officin- 
alis, the  common  Rosemary,  is  exotic. 

Tribe  6.  Nepete(e.  Stamens  4,  didynamous,  ascending,  parallel ;  the  pos- 
terior two  are  the  longer. 

Nepeta  Cataria,  the  Catmint,  occurs  in  hedges ;  and  Nepeta  Glechoma,  the 
Ground  Ivy,  is  very  common. 

Tribe  7.  Stachydece.  Stamens  4,  didynamous,  ascending,  parallel;  the 
anterior  two  are  the  longer  :  upper  lip  of  corolla  usually  arched  (ringent). 

Lamium  album,  the  Dead-Nettle,  and  purpureum,  are  very  common.  Various 
species  of  Galeopsis  (Hemp-Nettle),  Stachys  (Woundwort  or  Betony),  Marrubium 
(Horehound),  Ballota,  Melittis,  and  Leonurus  (Mother- wort)  are  found  in 
England. 

Tribes.  Scutellariea.  Stamens  4,  didynamous,  ascending,  parallel;  calyx 
closed  when  the  fruit  is  ripe. 

In  the  genus  Scutellaria,  the  anthers  of  the  anterior  pair  of  stamens  have  but 
one  theca;  S.  galertcnUita,  the  common  Skullcap,  and  S.  minor,  the  Lesser 
Skullcap,  are  common.  In  the  genus  Prunella  each  filament  has  a  small 
tooth  below  the  anther  :  P.  vulgaris  is  common. 

Tribe  9.  Ajugoidete.  Stamens  4,  didynamous,  ascending,  parallel ;  the  pos- 
terior two  are  the  shorter  :  upper  lip  of  corolla  very  short. 

Ajuga  reptans,  the  Creeping  Bugle,  and  Tencrium  Scorodonia,  the  Wood 
Germander,  are  common. 

Order  2.  VERBENACEiE.  Flower  sometimes  regular :  stamens 
four,  didynamous,  or  two:  ovary  1-  or  2-locular,  with  two  ovules 
in  each  loculas,  or  spuriously  2-  or  4-locular  in  consequence  of  the 
presence  of  false  dissepiments,  with  one  ovule  in  each  loculus  : 
endosperm  small  or  absent :  the  fruit  separates  into  2-4  nutlets : 
style  terminal :  leaves  usually  opposite. 

Verbena  officinalis,  the  Vervain,  is  common  on  waste  ground  and  roadsides  : 
V.  Anhletia  is  a  common  garden  plant.  Tectona  grandis,  the  Teak-tree  of  the 
East  Indies,  has  a  hard  wood  used  in  sliip-building.  Vitex  Agnus  castas,  the 
Chaste  or  Hemp-tree,  is  an  ornamental  cultivated  shrub. 

Order  3.  GLOBULARiACEiE.  Stamens  four,  didynamous :  ovary 
unilocular,  with  one  suspended  ovule  :  style  lateral :  seed  with  en- 
dosperm :  leaves  scattered :   inflorescence  capitulate. 

Globularia  vulgaris  and  cordifolia,  with  radical  leaves,  occur  here  and  there  in 
dry  places  on  the  Continent. 

Cohort  II.  Persona  I  es.  Flowers  pentamerous,  usually  dorsi- 
ventral :    stamens   epipetalous:   the  posterior  stamen   is    usually 
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suppressed,  or  appears  as  a  staminode  :  carpels  2,  median  :  ovules 
usually  indefinite. 

Order  1.  Scrophulaeiace^.  Ovary  bilocular,  with  numerous 
anatropous  ovules  borne  on  axile  placentae  :  seed  with  endosperm  : 
stamens  four,  didydamous,  often  with  a  rudimentary  fifth  posterior 
stamen  (Fig.  445  B,  st)  ;  sometimes  only  the  two  lateral  stamens 
are  present ;  rarely  all  five  are  fertile  :  corolla  with  imbricate 
(cochlear)  aestivation  :  general  floral  formula  as  in  Lamiales. 

Sub-order  1.  Pseudosolane^.  Flower  nearly  regular :  the  two  posterior 
petals  are  external,  the  anterior  internal :  stamens  usually  5  :  leaves  scattered. 
The  genus  Celsia  has  only  4  stamens.  In  the  British  species  of  the  genus 
Verbascum,  V.  Thapsus,  the  great  Mullein,  has  unequal  stamens,  the  two 
anterior  being  longer  and  glabrous,  whilst  the  three  posterior  are  short  and 
their  filaments  have  white  hairs  ;  the  stamens  are  similarly  unequal  in  V.  virga- 
tum  and  in  V.  Blattaria,  but  here  the  hairs  are  purple  and  are  present  (though 
fewer)  on  the  filaments  of  the  long  stamens :  in  V.  Lychnitis,  mgrum,  and 
pnlverulentum  the  stamens  are  all  similar,  the  hairs  being  purple  in  V.  nigium 
and  white  in  the  two  other  species. 


Fig.  444.— Floral  diagrams,  A  of  most  Scrophulariacefe  ;  B  of  Veronica;  C  of  the  Lenti- 
bulariacese :  o  upper,  u  under  lip. 

Sub-order  2.  Antirrhoide^.  Flowers  irregular  :  corolla  as  in  the  preceding, 
the  two  posterior  petals  forming  the  upper  lip  of  the  corolla  :  stamens  4  :  leaves 
opposite.  Antirrhinum,  the  Snapdragon,  has  a  projection  on  the  lower  lip  of 
the  personate  corolla,  termed  the  palate  ;  the  corolla  is  gibbous  at  the  base  ; 
stamens  4  (Fig.  445  A  B):  A.  majus,  the  great  Snapdragon,  is  a  well-known 
garden  plant.  Linaria  has  a  spurred  personate  corolla  ;  stamens  4 :  L.  vulgaris, 
the  yellow  Toad-Flax,  is  common  in  fields.  In  Gratiola  the  two  anterior 
stamens  are  represented  by  staminodes.  Pauloicnia  imperialis\Q  an  ornamental 
flowering  tree  from  Japan.  Limosella  (L.  aquatico,  the  Mudwort)  has  a  sub- 
eampanulate  corolla  with  a  short  tube.  Mimulus  {M.  luteus,  the  Yellow  Monkey- 
flower)  has  a  subcampanulate  corolla  with  a  two-lipped  limb ;  the  two  lobes  of 
the  stigma  close  together  on  being  touched.  Maurandia  and  Rhodochiton  are 
genera  of  plants  climbing  by  means  of  sensitive  petioles.  Many  species  of 
Mimulus  (Musk),  Calceolaria,  Chelone,  and  Peutstemon,  are  cultivated. 

Sub-order  3.  Rhinanthoide-e.  Flower  irregular :  the  two  posterior  petals 
are  overlapped  by  the  lateral  petals  :  stamens  4,  or  2.    Digitalis,  the  Foxglove, 
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has  an  obliquely  campanulate  (digitaliform)  corolla ;  stamens  4 :  D.  purpurea 
is  common  in  woods;  the  yellow  I),  grandijlora  is  cultivated.  Scrophularia 
has  a  globose  corolla;  S.  nodosa  (Figwort)  and  S.  aquatica  are  common. 
Veronica,  the  Speedwell,  has  only  the  2  postero -lateral  stamens,  and  the  two 
lobes  of  the  upper  lip  of  the  (rotate)  corolla  are  united ;  the  posterior  lobe  of 
the  calyx  is  suppressed  (Figs.  444  B,  445  C)  :  V.  Anagallis  and  V.  Beccahunga 
are  common  in  ditches  ;  V.  arvendi,  agrestis,  serpyllifoUa,  CJianuedrys,  and 
others  in  pastures  and  fields.  Sibthorpia  has  a  sub-rotate  5-8-fid  corolla, 
and  four  stamens  ;  S.  europcea  is  the  Cornish  Moneywort. 

Pedicularis,  the  Lousewort,  has  a  5-toothed  calyx,  and  the  upper  lip  of  the 
corolla  is  galeate  :  Euphrasia,  the  Eyebright,  has  a  4-toothed  calyx,  the  upper 
lip  of  the  corolla  has  two  spreading  or  reflexed  lobes :  Bartsia  has  a  4-toothed 
calyx,  upper  lip  of  the  ringent  corolla  entire  or  only  notched  :  Khinanthus,  the 


FlO.  445.— Flowers  of  Scrophulariaceae.  A  Antirrhinum :  fc  calj'x ;  r  tube  of  the  personate 
corolla,  gibbous  at  the  ba8e(/i);  o  upper,  w  under  lip  of  the  corolla;  g  prominence  palate) 
of  the  under  lip.  B  Upper  lip  of  the  same,  seen  from  within :  s  the  two  longer  anterior 
stamens ;  «'  the  short  lateral  ones ;  st  rudimentary  posterior  one.  C  Flower  of  "Veronica : 
fc  calyx ;  u  u  u  the  three  lobes  of  the  lower  lip  of  the  rotate  corolla :  o  the  upper  lip ;  s  »  the 
two  stamens ;  n  stigma. 

Rattle,  has  a  four-toothed  inflated  calyx:  Melampyrum,  the  Cow-Wheat,  has  a 
4-toothed  tubular  calyx,  and  the  capsule  is  few- seeded  :  all  these  plants  possess 
chlorophyll,  but  they  are  more  or  less  parasitic  upon  the  roots  of  other  plants. 

Order  2.  Plantaginacej:.  Flowers  regular,  isobilateral,  and 
apparently  tetramerous,  but  the  true  interpretation  of  them  is  de- 
duced from  those  of  Veronica  (Figs.  444  B  and  446) :  the  posterior 
sepal  is  suppressed,  as  also  the  posterior  stamen  ;  the  two  posterior 
petals  cohere  to  form  an  upper  lip  which  is  quite  similar  to  one  of 
the  lobes  of  the  three-lobed  lower  lip  (Fig.  445  C)  :  stamens  four, 
the  two  anterior  not  being  suppressed :  ovary  dimerous,  bilocular, 
or  sometimes  unilocular  or  spuriously  4-locular  :  ovules  solitary 
and  basal,  or  numerous :  fruit  a  capsule  with  transverse  dehis- 
cence, or  a  nutlet :  seed  with  endosperm. 
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Fig.  446.— Flower  of  Plantago :  a  axis  of  the 
nflorescence  (scape) ;  d  bract ;  fe  calyx ;  c  cor- 
olla; «t  stamens;  n  stigma  (maj;.).  In  the  dia- 
gram, 0  is  the  upper,  and  u  the  under  lip. 


Plantago  lanceolata  (Ribwort),  major,  media,  the  Plantains,  are  weeds 
universally  distributed.  F.  Coronopus,  the  Buck's-horn  Plantain,  and  P.  viari- 
tima,  grow  in  dry  places  and  on  sandy  sea-shores.  The  leaves  form  a  rosette 
just  above  the  root,  and  the  long  scapes  spring  from  their  axils,  bearing  simple 
spikes  (Fig.  446  a,  d).  In  P.  Cynops,  Psyllium,  and  others,  the  main  stem  is 
elongated  :   the  testa  of  the  seed  is  mucilaginous.     In  Littorella  lacustris  the 

flowers  are  monoecious ;  fruit  1- 
seeded,  indehiscent ;  stamens  hy- 
pogynous :  it  grows  on  the  bottom 
in  shallow  waters. 

Order  3.  Bignoniacej;. 
Stamens  generally  four,  di- 
dynamous :  ovary  bilocular 
or  unilocular:  seeds  usually 
winged,  without  endosperm. 
Woody  plants  ;  frequently 
climbers,  by  means  of  twin- 
ing stems,  or  leaf-tendrils,  or 
roots  (Tecoma). 

Catalpa  hignonioides  is  an  ornamental  tree  from  North  America:  Bignonia, 
Tecoma,  and  Eccremocarpus,  are  well-known  cultivated  climbers. 

Order  4.  Acanthace^.  Stamens  four,  didynamous  (diagram 
as  in  Fig.  444  A):  ovary  bilocular:  ovules  few  on  projecting 
placentae  :  seed  without  endosperm.     Herbs. 

Acanthus  mollis  and  other  species  from  Southern  Europe,  are  ornamental 
plants  :  Thuobergia  and  Ruellia  are  commonly  cultivated  :  Adhatoda,  Justicia, 
and  others  have  only  the  two  antero-lateral  stamens  (as  in  Fig.  444  C). 

Order  5.  GtEsneracej:.  Stamens  usually  four,  didynamous,  or 
sometimes  two  only  :  ovary  unilocular,  with  numerous  parietal 
ovules:  seed  with  or  without  endosperm.  Generally  herbs  with 
opposite  leaves. 

Columnea,  Gloxinia,  Achimenes,  Sinningia,  Streptocarpus,  and  others,  are 
ornamental  plants  from  tropical  America :  Ramondia  inhabits  the  mountains 
of  Southern  Europe. 

Order  6.  OROBANCHACEiE.  Plants  which  are  destitute  of  chlo- 
rophyll, with  scaly  leaves,  parasitic  on  the  roots  of  other  plants : 
otherwise  similar  to  the  Gesneraceee. 

The  commoner  species  of  Broomrapes,  occurring  in  Britain,  are  Orohanche 
major  and  minor,  parasitic  on  Leguminoste,  elatior  on  the  Greater  Knap- 
weed, If  e<ierrt?  on  Ivy,  ramosa  on  Hemp;  mostly  of  a  brownish  or  whitish 
hue.     Lathrcea  Squamaria,  the  Greater  Toothwort,  is  generally  parasitic  ou 
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the  roots  of  the  Hazel  :  it  is  of  a  pale  rose  colour  with  slightly  bluish  flowers  : 
the  subterranean  scaly  leaves  each  form  a  kind  of  pitcher  apparently  for  the  pur- 
pose of  catching  insects. 

Order  7.  Lentibulariaces.  Only  the  two  antero- lateral  stamens 
are  developed  (Fig.  444  G)  :  ovary  unilocular :  ovules  numerons  on 
a  free  central  placenta  :  seed  without  endosperm. 

The  numerous  species  of  Utricularia  are  floating  water-plants  with  finely 
divided  leaves  bearing  bladder-like  appendages  (modified  leaflets)  which  serve  to 
catch  small  aquatic  animals  (Fig.  447).  Pinguicula  vulgaris  and  alpina  (Butter- 
worts)  are  small  plants  growing  in  damp  places,  with  rosettes  of  radical  leaves 
which  catch  insects  by  their  viscid  secretion. 

Cohort  III.  Polemonlales.  Flowers  generally  regular,  but 
zygomorphic  in  consequence  of  oligomery  in  the  gynseceum ;  pen- 
tamerous :  stamens  epipetalous  :  ovary  of  two,  rarely  five,  carpels  : 
leaves  usually  scattered  and 
exstipulate  :  the  inflorescence  is 
often  cymose,  with  a  terminal 
flower  :  formula  jKT  (5)  (0(5)  ^5) 
(?'-»  to  (»). 

Order  1.  Con  volvulace^. 
Usually  two  median  carpels 
forming  a  bilocular  ovary,  with 
1-2  anatropous  ovules  in  each        ^'<^-  ^''•~  B'adders  of  utricularia.    a 

,         ,  ,  n       1  1,  Outside  view :  «  pedicel ;  o  entrance ;  t  and 

locnlus  :  the  corolla    has  usually  ^  bristly  appendages.    B  Section:  V  a  valve 

a    contorted    eestiv^ation,  twisted  opening  inwards  and  preventing  the  exit  of 

to  the  right :   fruit  a  septif  ragal  ''''  i°^P"«oned  aninaal  (mag.). 

capsuJe,  or  a  berry  :  seed  with  endosperm.  Commonly  plants 
climbing  by  twining  stems  :  with  milky  latex. 

Convolvnlus  arvensig,  the  lesser  Bindweed  (Fig.  329  A),  and  Calystegia 
Sepium,  the  larger  Bindweed,  the  former  with  two  small  bracteoles,  the  latter 
with  two  large  bracteoles  which  invest  the  calyx,  and  C.  Soldanella,  the  Sea- 
Bindweed,  are  common  wild  plants.  Jiatatas  eduUs  is  cultivated  in  tropical 
America  for  its  edible  tuberous  rhizome,  the  Sweet  Potato. 

The  genus  Cuscuta  consists  of  parasites  destitute  of  chlorophyll,  with  filiform 
twining  stems,  which  attach  themselves  to  other  plants  by  means  of  haustoria 
(see  p.  ()6),  and  derive  their  nourishment  from  them :  the  small  flowers  are 
arranged  in  fascicles  (Fig.  448  h)  :  the  corolla  has  imbricate  aestivation  :  fruit  a 
capsule  with  transverse  dehiscence. 

Custcnta  europ(pa,  the  greater  Dodder,  which  occurs  commonly  on  Nettles  and 
Hops,  is  widely  distributed :  C.  Epilinum  is  the  Flax  Dodder,  and  C.  Epithymum, 
the  lesser  Dodder,  occurs  on  various  low-growing  plants ;  C.  Trifolii  attacks 
Clover,  which  it  often  destroys. 
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Order  2.  Polemoniacej:.  Ovary  usually  trimerous  and  trilo- 
cular,  with  one  erect  or  several  oblique  ovules  in  each  loculus  : 
capsule  loculicidal :  seed  with  endosperm.     Mostly  herbs. 

Polemonium  cceruleum  is  Jacob's  Ladder;  various  species  of  Phlox  and  Gilia 
are  common  garden  plants.  Cobaea  is  a  genus  of  plants  climbing  by  means 
of  leaf-tendrils. 

Order  3.  Solanace^.  Ovary  usually  consists  of  two  obliquely 
placed  carpels  (Fig.  324  I)),  bilocular,  with  numerous  ovules  in 
each  loculus;  the  axile  placentae  sometimes  project  so  far  into  the 
loculi  that  the  ovary  appears  to  be  quadrilocular,  as  in  Datura : 
ovules  campylotropous  ;  fruit  a  capsule  with  various  dehiscence,  or 
a  berry :  seed  with  endosperm.  Herbs,  occasionally  woody  plants, 
sometimes  climbers  by  irritable  petioles  (e.g.  species  of  Solanum) ; 
without  milky  latex.     Inflorescence  cymose,   but  complicated  by 


Fig.  448.  —  Stem  of 
Casciita  europcea  (s),  with 
inflorescence  (h)  twining 
round  a  stem  of  Hop  (x). 


Fig.  449. — A  Upper  portion  of  a  flowering  stem  of  Atroim 
Belladonna.  B  Diagram  of  the  same  stem  :  1  2  3  the 
flowers ;  a  and  /3  the  bracteoles  and  bracts.  From  the 
axils  of  /S  spring  the  new  floral  axes,  along  which  the  bract 
/3  is  displaced. 


the  displacement  of  the  bracts:  Fig.  449  B,  for  instance,  is  a 
diagram  of  the  inflorescence  of  Atropa ;  the  main  axis  which  ter- 
minates with  the  flower  1,  bears  a  bracteole  la  and  a  lateral  shoot 
terminating  in  the  flower  2 ;  this  springs  from  the  axil  of  a  bract 
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IfS,  which,  however,  is  not  inserted  at  the  base  of  its  axillary  shoot 
(the  point  of  the  arrow  indicates  its  proper  position),  but  is  dis- 
placed upwards  until  it  is  close  under  the  bracteole  2a ;  this 
displacement  is  repeated  throughout  the  whole  system  of  the  cyme, 
so  that  in  Atropa  there  are  always  two  leaves  below  each  flower,  a 
larger  one  (Fig.  449  A  la,  2a,  and  so  on)  which  is  the  bracteole  of 
the  flower,  and  a  smaller  one  (Fig.  449  A  0^,  1^8,  2/3,  etc.,)  which 
is  the  bract  from  the  axil  of  which  the  flowering-shoot  springs.  In 
other  of  the  Solaneae  similar  arrangements  are  found.  Most  plants 
of  this  order  are  poisonous. 

Tribe  1.  Solaiuce.  Fruit  a  berry  ;  embryo  curved.  In  the  genus  Solanum 
the  anthers  are  syngenesious  :  S.  Dulcamara,  the  Bittersweet  or  Woody  Night- 
shade, has  a  blue  flower,  and  S.  nigrum  has  a  white  flower  ;  both  are  common  : 
S.  tuberosum  is  the  Potato-plant.  Fliysalis  Alkekengi,  the  Winter  Cherry,  has 
an  inflated  red  calyx  which  encloses  the  berry.  Lycopersicum  esculentum  is 
the  Tomato.  The  fruits  of  Capsicum  loiujiim  and  annuum  are  known  as  Chili 
Peppers.  Atropa  Belladonna  is  the  Deadly  Nightshade;  the  anthers  are  not 
syngenesious,  and  the  corolla  is  campanulate  ;  the  berries  are  black  and  very 
poisonous.  Lycium  barbarum  is  a  shrub  belonging  to  Southern  Europe 
which  has  become  wild  in  places  in  the  North.  Hyoscyamus  niger  is  the 
common  Henbane  :  the  capsule  dehisces  transversely  (pyxidium). 

Tribe  2.  Daturete.  Capsule  almost  quadrilocular  in  consequence  of  the 
outgrowth  of  the  placenta,  4-valved  :  embryo  curved.  Datura  Stramonium  is 
the  Thorn-apple. 

Tribe  3.  Cestrece.  Embryo  straight :  all  five  stamens  fertile.  Nicotiana 
Talacum  is  the  Tobacco  plant  (Fig.  329  li) :  Petunia  is  commonly  cultivated 
(Fig.  324  D) :  Cestrum  is  a  well-known  genus  of  greenhouse  shrubs. 

Tribe  4.  Salpigloinidew.  Embryo  straight :  stamens  unequal,  only  2  or  4 
fertile.  The  tribe  includes  many  cultivated  herbaceous  or  shrubby  plants,  such 
as  Salpiglossis,  Scbizanthus,  Browallia,  Streptosolen. 

Order  4.  Boraginacea:.  Ovary  consisting  of  two  median  carpels, 
spuriously  quadrilocular  in  consequence  of  a  constriction  along 
the  dorsal  suture  of  each  carpel  (Fig.  4oU  (7,  r)  :  the  single  style 
usually  arises  from  the  incurved  apices  of  the  carpels  (gynobasic), 
and  is  surrounded  at  its  base  by  the  four  loculi  (Fig.  450  B) :  each 
loculus  contains  a  single  suspended  anatropous  ovule  :  when  the 
fruit  is  ripe  the  loculi  separate  completely,  and  appear  to  be  four 
nutlets :  seed  without  endosperm  :  the  corolla  usually  has  live  scaly 
ligular  appendages  at  the  junction  of  the  limb  with  the  tube  (Fig. 
450 -(4  b):  inflorescence  scorpioid  (see  p.  492),  often  very  compli- 
cated. Herbs  or  shrubs  generally  covered  with  harsh  hairs  and 
only  rarely  glabrous,  e.g.  Myosotis  palustris. 
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Sub-order  1.     Ehretoideje.     Style  at  the  apex  of  the  ovary. 

Heliotropium  peruvianum,  is  a  well-known  garden  plant  with  fragrant  flowers. 

Sub-order  2.  Boraginoide^.  Style  inserted  between  the  four  lobes  of  the 
ovary  (gynobasic). 

Myosotis  is  the  Scorpion-grass ;  M.  palustris,  the  Forget-me-not,  occurs  in 
damp  places,  M.  sylvatica  in  woods,  and  M.  arvends  and  others  in  fields. 
Lithoitpcrmum  arveme  (Gromwell),  L.  officinale,  Echium  vulgare  (Viper's  Bu- 
gloss),  with  an  irregular  flower,  Symphytum  officinale,  the  Comfrey,  Lycopsis 
arvensis  (Common  Bugloss),  Cynoglossnm  officinale  (Hound's-tongue),  and  Borage 
officinalis,  the  Borage,  are  common.  Anchnsa  officinalis,  the  Alkanet ;  Mertensia 
maritima,  the  smooth  Gromwell  or  Sea-Bugloss  ;  and  Pnlmonaria  angustifolia, 
the  Lung-wort,  are  rare  in  Britain. 


^f>.Tn 


A  t 


Fig.  460.—^  Flowerof  Anchusa  ^slightlymao^.): 
fc  calyx  ;  c  corolla  ;  h  the  scaly  appendages.  B 
Fruit  of  Myosotis  (mag.);  t  the  receptacle  ;  mm 
the  four  achaenia  ;  g  the  gynobasic  style.  C  Dia- 
gram of  the  quadrilocular  ovary  in  trans,  section : 
r  the  dorsal  sutures;  2'ptheplacentfe;  s  the  ovules. 


Fig.  451.  —  Corolla  of  Enj- 
th%-cea  Centnurinm  spread  out : 
r  tube  ;  8  limb ;  a  stamens. 


Cohort  IV.  Gentianales.  Flowers  regular,  zygoraorphic  in 
consequence  of  oligomery  in  the  gynaeceum  (see  Fig.  324)  :  perianth 
and  androecium  usually  4-  or  5-merous  :  corolla  with  frequently 
contorted  aestivation  (to  the  right)  :  stamens  inserted  on  the  tube 
of  the  corolla  :  carpels  two  :  leaves  commonly  decussate  and  exsti- 
pulate  :  formula  K  (5)  (C  (5)  A  5)  6?'1». 

Order  1.  Gentianace^.  Carpels  perfectly  connate,  forming  a 
uni-  or  incompletely  bi-locular  ovary :  ovules  parietal,  numerous, 
anatropous  :  seed  with  endosperm.  Usually  herbs  without  milky 
latex  :  leaves  almost  always  entire. 

Sub-order  1.  Gentiane.*:.  Leaves  decussate  :  corolla  with  contorted  Aesti- 
vation. 

Gentiana  (Fig.  324  E),  the  Gentian,  has  a  bilobed  stigma;  it  occurs  in 
mountainous  districts.     Erythraea  has  a  capitate  stigma ;  E.  Centaurium,  the 
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common  Centaury,  is  common  in  pastures  (Fig.  451).  Species  of  Cicendia  and 
Cblora  also  occur  in  Britain. 

Sub-order  2.    Menyanthe^.     Leaves  spiral :  corolla  with  valvate  aestivation. 

Metiymithes  trifoliata,  the  Buck-beau  or  Bog-bean,  with  ternate  leaves,  is 
common  in  marshes  (Fig.  324  F) :  Villania  nymplKeoides  (or  Limnanthemum 
peltatmii)  is  found  in  ponds  and  rivers. 

Order  2.  Loganiace^.  Corolla  with  usually  valvate  aestivation : 
ovary  usually  bilocular,  each  loculus  containing  one  or  several 
ovules:  seed  with  endosperm  (Fig.  295  A).  Mostly  trees  with 
opposite  and  usually  exstipulate  leaves  ;  some  are  climbers  with 
either  twining  stems  (e.g.  Fagrsea,  Gelsemium),  or  stem-tendrils 
(species  of  Strychnos), 

Semen  Strychni,  or  Nux  vomica,  the  seed  of  Strychnos  Nux  vomicn,  in  the  East 
Indies,  is  extremely  poisonous.  The  South  American  Indians  poison  their 
arrows  with  a  substance  known  as  Curare,  in  the  preparation  of  which  the 
cortex  of  species  of  Strychnos  is  used. 

Order  3.  Apocynacej:;.  Corolla  with  contorted  aestivation.  The 
two  carpels  are  usually  connate  only  by  their  styles,  which  become 
free  as  they  ripen  :  seed  usually  devoid  of  endosperm.  Herbs  or 
shrubs,  sometimes  climbers,  with  milky  latex. 

Vinca  minor  (see  Fig.  324  A)  and  other  species,  the  Periwinkles,  are  common 
creeping  plants,  wild  and  in  gardens.  Nerium  Oleander,  an  ornamental  shrub, 
and  species  of  other  genera  {e.g.  AUamanda,  Landolphia,  Amsonia,  Dipladenia) 
are  often  cultivated  :  Allamanda  and  Dipladenia  include  scrambling  species, 
climbiug  by  means  of  hooks :  Allamanda  has  a  unilocular  ovary  with  two 
parietal  placentee. 

Order  4.  AscLEPiADACEi*;. 
Corolla  with  usually  imbri- 
cate aestivation.  The  two 
carpels  usually  form  two  dis- 
tinct monomerous  ovaries  : 
styles  short,  united  into  one 
stigma  :  stamens  connate, 
forming  a  tube  s unrounding 
the  gynaeceum,  having  pouch- 
shaped  (Fig.  452  A  J?,  t)  and 
spur-shaped  (Fig.  452  A  B,  h) 
appendages  :  anthers  2-4 
locular ;  the  pollen  of  each 
sac  forms  a  mass  (pollinium,  see  p.  434),  and  the  masses  of  each 
pair  of  contiguous  sacs  adhere  (Fig.  452  0,  p,  p)  and  are  conveyed 


Pig.  Abl.—A  Flower  of  Asclepias  (mag.):  c 
the  reflexed  corolla ;  n  Btigma ;  h  the  spurs,  t 
the  pouches,  of  the  stamens.  B  A  solitary  sta* 
men;  a  the  anther.    C  PoUen-maases,  }>  and  ]>. 
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by  insects  to  the  stigmata :  ovules  numerous,  attached  to  the 
ventral  suture  :  seed  usually  without  endosperm.  Generally  woody 
plants,  often  climbers,  with  milky  latex. 

Anclepias  syriaca  and  other  8peci<=s  are  grown  in  gardens.  Stapelia  has  a 
fleshy  cactus-like  stem.  Hoya  carnosa,  the  Wax  flower,  Periploca  graca 
and   Ceropegia   Gardneri,  are  cultivated  climbing  plants  with  twining  stems. 

Order  5.  OleacetE.  Calyx  and  corolla  usually  4-merous,  some- 
times wanting ;  stamens  and  carpels  two,  alternate  :  ovary  bilo- 
cular :  ovules  2  in  each  loculus:  fruit  a  capsule,  a  berry,  a  drupe, 
or  a  samara:  seeds  1-4,  usually  with  endosperm:  stem  woody: 
leaves  always  decussate. 

Sub-order  1.     Oleine^.    Fruit  a  berry  or  a  drupe  :  seed  suspended. 


Fig,  453. — A  Flower  of  Fiaxinus  Ornus  (enlarged);  Ic  calyx;  c  corolla;  st  stamens; 
/  ovary;  n  stigma.  S  ^ -flower  of  Fraxinus  excelsior,  the  common  Ash;  an  anthers; 
/ovary ;  n  stigma  (enlarged).    Floral  diagram  of  the  Oleaceae. 

Ligustrum  has  a  baccate  fruit ;  L.  vulgare,  the  Privet,  is  a  common  shrub. 
Olea  has  a  drupaceous  fruit ;  O.  europcea  is  the  Olive-tree  of  the  East  and  of 
Southern  Europe.  Phillyrea,  Osmanthus,  and  Chionanthus,  are  cultivated  as 
ornamental  shrubs. 

Sub-order  2.     Fraxine^.     Fruit  a  samara :  seed  suspended. 

The  genus  Fraxinus  has  a  winged  fruit ;  in  F.  excelsior,  the  common  Ash,  the 
perianth  is  suppressed  and  the  flowers  are  polygamous  ;  in  F.  Ornus,  the  Manna- 
Ash  of  Southern  Europe,  the  perianth  is  complete,  aud  the  corolla  is  deeply 
cleft  (Fig.  453  A). 

Sub-order  3.  Stringed.  Fruit  a  loculicidal  capsule  :  seed  suspended.  The 
genus  Syringa  has  a  tubular  corolla  with  a  4-lobed  limb  ;  S.  vulgaris  is  the  Lilac  : 
Forsythia  is  a  well-known  shrub,  having  numerous  seeds. 

Sub-order  4.  Jasmine^e.  Fruit  a  constricted  capsule  or  berry :  ovules 
ascending:  seeds  exalbuminous  :  calyx  and  corolla  often  6-10-merous  (see 
Fig.  320). 
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The  flowers  of  Jasmuuim  grandijloruni  and  other  species  belonging  to 
Southern  Europe,  contain  a  very  fragrant  ethereal  oil. 

Cohort  V.  Ebenales.  Flowers  acfcinomorphic,  4-8-meroiis  ; 
formula  often  ^(4)  0(4)  ^4  +  4,  G^^,  the  outer  (antisepalous) 
stamens  being*  sometimes  suppressed  :  stamens  epipetalous  :  carpels 
opposite  to  the  sepals :  ovary  multilocular,  with  one  or  two  sus- 
pended ovules  in  each  loculus  :  fruit  usually  fleshy :  seed  usually 
with  endosperm. 

Order  1.     SAPOTACEiE.     Tropical  trees  with  latex  in  sacs. 

The  latex  of  species  of  Palaquium,  Isonandra,  Mimusops,  etc.,  constitutes 
gutta-percha. 

Order  2.     Ebenacej:.     Trees;  flowers  generally  diclinous. 

Diospyros  Ebenum  in  the  East  Indies,  and  other  species  in  different  parts  of 
the  world,  yield  the  wood  known  as  Ebony :  D.  KaJd,  the  Persimmon,  has  an 
edible  fruit. 

Order  3.     SiYRACEiE.    Flowers  perigynous  or  epigynous  :  trees. 

Gum  Benzoin  is  the  resin  of  Styrax  Benzoin  in  the  East  Indies :  Halesia 
tetraptera  the  Snowdrop-tree,  is  a  shrub  frequently  cultivated. 

Cohort  VI.  Primulales.  Flowers  actinomorphic,  usually  pen- 
tamerous  :  formula  1^(5)  (0(5)  AO  +  b)  0- :  stamens  inserted  on 
the  tube  of  the  corolla  and  opposite  to  its  lobes  :  gynaeceum  con- 
sisting of  five  connate  carpels  which  are  opposite  to  the  sepals ; 
ovary  unilocular,  with  a  free  central  placenta  or  a  single  central 
ovule  :  seed  with  endosperm. 

Order  1.  Primulacej;.  Style  single  :  ovules  indefinite,  on  a  free 
central  placenta  (Fig.  338  G)  :  the  corolla  is  gamopetalous,  tubular 
below,  expanding  above  into  a  5-lobed  limb ;  it  is  suppressed  in  the 
genus  Glaux :  the  stamens  (Fig.  454  a)  are  generally  adnate  to  the 
tube  of  the  corolla  and  are  opposite  to  its  lobes  ;  this  position  of 
the  stamens  is  explained  by  assuming  the  suppression  of  an  outer 
antisepalous  whorl  of  stamens  which  is  represented  in  some  genera 
{e.g.  Soldanella)  and  in  the  following  order  by  petaloid  staminodes, 
an  assumption  which  is  confirmed  by  the  analogy  of  those  Ebenales 
in  which  the  outer  whorl  of  stamens  is  suppressed :  fruit  a  capsule. 
Herbaceous  plants  with  conspicuous  flowers. 

The  genus  Primula  has  a  5-valved  dehiscent  capsule,  and  a  5-cleft  calyx. 
Primula  vnlgaria  is  the  Primrose  ;  Primula  elatior  and  P.  veris  are  the  Oxlip 
and  the  Cowslip  or  Paigle ;  they  are  remarkable  in  that  they  are  heterostyled 
(see  p.  455).  The  capsule  of  Anagallis  arvensis,  the  Pimpernel,  dehisces 
transversely  (pyxidium).  Cyclamen  europmim,  the  Sow-bread,  has  an  under- 
ground tuber;  the  lobes  of  the  corolla  are  reflexed.    Lysimachia,  the  yellow 
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Loosestrife,  has  a  deeply  5-cleft  calyx.  Trientalis,  the  Chickweed  Winter- 
green,  has  usually  a  7-merous  flower.  The  other  British  genera  are  Hottonia 
{H.  palustrh,  the  Water- violet),  Samolus  (S.  Valerandi,  the  Brookweed),  and 
Glaux  {G.  maritima,  the  Sea  Milk-wort). 


Fig.  454.— Dimorphic  flowers  of  Pnmula  elatior  in  longitudinal  section.  A  Short-styled, 
B  long-styled  form  ;  k  calyx ;  c  corolla ;  a  anthers  ;  /  ovary ;  g  style ;  n  stigma.  Floral 
diagram  of  Primula. 

Order  2.  Myrsinacej;.  These  plants  differ  from  the  preceding 
in  that  the  fruit  is  baccate  and  the  stem  woody  :  a  whorl  of  sta- 
minodes  alternating  with  the  petals  is  present  in  some  genei-a  (e.g. 
Theophrasta) . 

Ardisia,  with  red  berries,  is  a  well-known  ornamental  plant. 

Order  3.  PLUMBAGiNACEiE.  Styles  five  :  there  is  a  single  basal 
ovule  in  the  cavity  of  the  ovary,  pendulous  on  a  long  funicle  : 
flowers  often  small,  in  dense  inflorescences  with  numerous  bracts  : 
no  trace  of  an  external  antisepalous  whorl  of  stamens. 

In  the  genus  Armeria  the  flowers  are  in  capitula  of  scorpioid  cymes,  which  are 
surrounded  by  an  involucre  formed  of  the  lower  scarious  bracts  with  downward 
prolongations  embracing  the  peduncle  ;  A.  maritima,  the  Thrift,  occurs  on  sandy 
soils.  Statice  Limonium,  the  Sea-Lavender,  with  racemose  cymes,  occurs  on 
sandy  sea-shores.  Plumbago  occurs  in  Southern  Europe  and  in  the  East 
Indies. 

Cohort  VII.  Ericales.  Flowers  4-5-merous,  actinomorphic  : 
stamens  usually  in  two  whorls  and  then  obdiplostemonous,  usually 
hypogynous  :  carpels  opposite  to  the  petals:  formula  K{n),  C(n), 
I  ^n  +  n,  (T(n),  where  n  =  4  or  5:  ovary  superior  or  inferior, 
multilocular,  with  large  recurved  axile  placentae  :  seed  with  en- 
dosperm :  anthers  sometimes  appendiculate  (Fig.  332  B). 
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Order  1.  Ericace^.  Anthers  generally  opening  by  two  pores  at 
the  top  (Fig.  455  A),  often  furnished  with  appendages  :  pollen 
in  tetrads  :  fruit  a  capsule,  or  succulent :  a  well-developed  disc. 

Sub-order  1.  Ehododendroide.e.  Fruit  a  septicidal  capsule  ;  corolla  fuga- 
cious :  anthers  without  appendages. 

Rhododendron  ferrufjineum  and  hirsntum,  the  Alpine  Eoses,  are  wild  on  the 
continent :  other  species  of  Rhododendron  (iucl.  Azalea),  from  the  mountains 
of  Asia  and  North  America,  as  also  species  of  Kalmia  from  North  America,  are 
cultivated.  Daboecia  polifoUa,  the  Irish  Menziesia  or  St.  Dabeoc  s  Heath, 
Fhijllodoce  taxifoUa,  the  Scottish  Menziesia,  and  Loiseleuria  procvmbens,  the 
trailing  Azalea,  represent  the  sub-order  in  the  British  Flora. 

Sub-order  2.  Arbutoide.e.  Fruit  a  berry,  or  a  drupe,  or  a  loculicidal  cap- 
sule :  corolla  fugacious  :  anthers  usually  appendiculate. 

Andromeda  Polifolia,  the  Marsh  Andromeda  or  Wild  Rosemary,  occurs  in 
peat-bogs,  and  Arctostaphylos   Vva   Ursi    and  alpina,  the  red  and  the  black 


Fig.  455.—^  Flower  of  Erica:  «  pedicel;  /:  calyx  ;  c  corolla;  a  anthers.  B  Fruit  of 
Pyrola  rotundifolia  :  «  pedicel ;  fc  calyx ;/ fruit,  the  loculi  of  which  alternate  with  the  sepals; 
g  style  ;  »i  stigma.  €  Flower  of  Vaccinium  Myrtillus  -.  /ovary  (inferior);  fc  calyx;  c  corolla. 
Floral  diagram  of  Erica  :  the  stamens  opposite  to  the  petals  are  faintly  shaded. 

Bearberry,  on  the  mountains  of  Scotland.  Arbutus  Unedo  is  the  Strawberry 
tree  of  Southern  Europe,  and  Gaultheria  is  the  Aromatic  Winter-green. 

Sub-order  3.  Ericoideje.  Fruit  usually  a  loculicidal  capsule  :  corolla  per- 
sistent :  anthers  usually  appendiculate. 

Calluna  Erica,  the  Ling  or  Heather,  with  a  septicidal  capsule  and  a  deeply 
4 -partite  coloured  calyx,  is  common  on  moors:  the  principal  British  species 
of  Erica,  are  E.  mediterranea  (or  caniea),  the  Irish  Heath ;  E.  Tetralix,  the 
cross-leaved  Heath  ;  E.  cinerea,  the  grey  or  fine-leaved  Heath  ;  and  E.  vagans, 
the  Cornish  Heath.  Very  many  species  belong  to  the  Mediterranean  region, 
and  to  the  Gape. 


I 


Order  2.  Epacridace.*:. 
petals  is  nsually  wanting 
Australian  plants. 

V.  s.  B. 


The  whorl  of    stamens  opposite  the 
the  anthers  open  by  one  fissure  only. 


u  u 
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Order  3.  Diapensiace^.  Stamens  five,  inserted  in  the  throat  of 
the  corolla :  a  whorl  of  antipetalous  staminodes  sometimes  present : 
anthers  opening  by  oblique  longitudinal  slits  :  ovary  trilocular. 
Low-growing  evergreen  shrubs. 

Diapensia  lapponica  is  a  creeping  shrub  of  the  far  North  :  Shortia  and 
Galax  grow  on  the  mountains  of  North  America. 

Order  4.  PYROLACEiE.  Sepals  more  or  less  distinct :  petals  com- 
monly connate  at  the  base  only  :  anthers  without  appendages, 
dehiscing  generally  transversely  or  by  pores  :  fruit  a  loculicidal 
capsule  :  seed  minute,  with  an  extremely  small  embryo  consisting 
of  only  a  few  cells,  and  a  relatively  massive  integument.  Sapro- 
phytes containing  chlorophyll. 

Pyrola  rotundifolia,  secunda,  minor,  and  imijiora,  the  Winter-greens,  are 
found  in  woods. 

The  Monotropees  are  saprophytes  devoid  of  chlorophyll,  with  scale-like 
leaves.  Monotropa  Hypopitys  {Hypopitys  multijlora),  the  Bird's  nest,  is  not 
very  common  in  England. 

Closely  allied  with  the  Pyrolaceee  is  the  order  Lennoace^,  consisting  of  a 
few  root-parasites  destitute  of  chlorophyll. 

Order  5.  Vacciniacej].  Ovary  inferior  (Fig.  455  C) :  anthers 
with  appendages  (Fig.  332  B),  usually  opening  by  two  pores  : 
fruit  a  berry. 

Vaccinium  Vitis-Idcea  is  the  red  Whortleberry  or  Cowberry ;  it  usually 
blossoms  and  bears  fruit  twice  in  the  year :  F.  Myrtillus  is  the  Bilberry, 
Blaeberry,  or  Whortleberry,  with  deciduous  leaves :  V.  Oxycoccos  (Oxycoccos 
palustris,  or  Schollera  Oxycoccos)  is  the  Cranberry:  and  V.  idiginosum,  the 
great  Bilberry  or  Bog- Whortleberry.  They  are  all  low  shrubs  occurring  on 
moors. 

SEKIES  II.     EPIGYNiE. 
Ovary  inferior. 

Cohort  I.  Campanales.  Flowers  actinomorphic  or  zygo- 
morphic,  pentamerous  ;  formula  K{^)  ^(^)  -^(^)  ^(2)  to  ,5):  sepals 
leafy  and  narrow  :  stamens  usually  free  from  the  corolla,  but 
often  connate :   ovary  multilocular,  of  two  to  five  carpels,  inferior. 

Order  1.  Campanulace^e.  Flowers  regular,  frequently  zygo- 
morphic  in  consequence  of  oligomery  in  the  gynaeceum ;  sometimes 
actinomorphic  (Fig.  312):  stamens  five,  often  .connate  at  the  base  :  _ 
ovary  usually  trilocular,  with  numerous  ovules ;  placentation 
axile  !  fruit  a  capsule  :  seed  with  endosperm.  Mostly  herbs  with 
milky  latex. 
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The  gynoeceum  is  often  oligomeroas,  and  then  usually  trimerous  {e.g. 
most  species  of  Campanula  and  Phyteuma),  sometimes  bilocular  (Jasione, 
species  of  Phyteuma)  :  when  isomerous,  the  carpels  are  either  antisepalous 
and  therefore  opposite  to  the  stamens  (e.g.  a  few  species  of  Campanula,  Fig. 
312,  Michauxia,  Wahlenbergia),  or  antipetalous  and  therefore  alternate  with 
the  stamens  {e.g.  Musschia,  Platycodon). 


Fig.  456. — Andrcecium  and  gynaeceum  of 
Campanula :  /  inferior  ovary  ;  c  insertion 
of  the  corolla ;  a  anthers ;  h  expanded  base 
of  the  stamens ;  w  stigmata  (mag.)- 


Fig.  457.—^  Floral  diagram  of  a  spe- 
cies of  Campanula  with  a  trimerous 
ovary  {e.g.  C.  persicifolia) ;  o  gynaeceum 
of  Lobelia. 


Campanula  rotundifolia,  the  Hare-bell,  glomerata,  and  other  species  are  com- 
mon in  fields,  on  heaths,  etc.,  etc.  :  C.  Medium  is  the  Canterbury-bell  cultivated 
in  gardens.  Phyteuma  orhiculare  and  gpicatum,  the  Rampions,  are  indigenous 
in  parts  of  England  ;  the  flowers  are  in  capitula,  and  the  calyx  is  deeply  5  cleft 
with  spreading  teeth  :  nearly  allied  is  the  genus  Jasione ;  J.  montana,  the 
Sheep's-bit,  is  common  in  England.  Specularia  has  a  rotate  corolla ;  S. 
Speculum,  Venus's  Looking-glass,  is  cultivated. 

Order  2.  LoBELiACEyE.  Flowers  dorsi ventral,  resupinate  (Fig. 
458;  see  p.  511):  the  corolla  commonlj  forms  a  tube  which  is 
more  or  less  cleft  on  one  side,  and 
the  limb  is  divided  into  two  lips, 
the  lower  one  consisting  of  three 
lobes  (Fig.  458^,  u),  and  the  upper 
of  two  smaller  ones  (^1,  o) :  at  their 
first  formation  the  position  of  these 
parts  is  exactly  the  reverse,  but 
in  the  course  of  development  the 
pedicel  undergoes  torsion,  so  that 
those  parts  which  are  originally 
posterior  become  anterior,  and  vice 
versa  :  anthers  syngenesious  (Fig. 
458  B,  sr)  and  unequal  in  con- 
sequence of  the  dorsiventrality  of 
the  flower :  ovary  1-,  2-,  or  3-locn- 


FiG.  458. —  i4  Flower  of  Lobelia:  / 
ovary ;  fc  calyx  ;  o  upi>er,  u  under  lip  of 
the  corolla ;  8  stamens.  B  Andrcecium 
and  gyneeceum  of  the  same  :  sr  tube 
formed  by  the  stamens ;  an  anthers 
(mag.^. 
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lar,  with  numerous  anatropous  ovules  :  fruit  a  capsule :  seed  with 
endosperm.     Herbs  or  shrubs  usually  with  milky  latex. 

L.  DGrtmanni,  the  Water  Lobelia,  and  L.  urem,  the  acrid  Lobelia,  occur  in 
some  parts  of  England. 

Cohort  11.  Rubiales.  Flowers  generally  regular,  actinomor- 
phic  or  zygomorphic :  calyx  generally  present :  stamens  epi- 
petalous  :  gynoeceum  2-5-merous  :  ovary  uni-  or  multi-locular : 
ovules  2 — GO  :  leaves  generally  opposite. 

Order  1.  Rl'biacej:.  Flowers  regular,  4-  or  5-merous :  calyx 
leafy  or  suppressed :  corolla  with  valvate  aestivation  :  ovary 
1-  or  2-locular,  consisting  of  2  carpels,  1-  or  many-seeded :  seed 

usually  containing 
endosperm :  leaves 
decussate,  stipu- 
late :  stipules  (see 
p.  48)  often  similar 
to  the  true  leaves 
(Fig.  459  A,  n  n)  : 
the  true  leaves  are 
distinguished  by 
the  branches  which 
arise  in  their  axils 
(Fig.459^//,.s). 

Sub-order  1.  Stel- 
late. Stipules  large 
and  leafy :  loculi  1- 
seeded. 

Galium,  Bed  straw, 
has  a  rotate  4-lobed 
corolla  and  an  incon- 
spicuous calyx,  usually 
tetramerous:  G.veniiu, 
Molliigo,  Aparine,  and 
otliers  are  common  in 
hedges  and  pastures. 
Asperula  has  an  infundibuliform  corolla,  but  in  other  respects  the  flower 
resembles  that  of  Galium  ;  A.  odorata,  the  Wood-ruflf,  is  common  :  A.  cynanchica 
is  the  Squinancy-wort.  Rnbia  Tinctorum,  the  Dyer's  Madder,  has  a  pentamerous 
flower,  a  rotate  5-lobed  corolla,  and  a  baccate  fruit ;  it  is  used  in  dyeing  and 
largely  cultivated;  it  is  indigenous  in  Southern  Europe  and  the  East;  it  is 
closely  allied  to  the  British  species  R.  peregrina,  the  Wild  Madder.  Sherardia 
has  a  tubular  4-lobed  corolla,  and  a  conspicuous  calyx  with  a  4-6  toothed 


Fig.  459.—^  Portion  of  a  stem  of  RuUa  Tinctmnim:  ff  the 
decussate  leaves  with  the  yuung  shoots  (s  s)  in  their  axils ; 
n  n  the  free  stipules  resembling  the  leaves  (nat.  size).  B 
Flower  (mag.):  /  ovary ;  fc  calyx  (rudimentary) ;  c  corolla;  a 
anthers ;  n  stigma. 
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limb  which  persists  on  the  top  of  the  fruit ;  S.  arvemis,  the  Field  Madder,  is 
found  in  cultivated  and  waste  places. 

Sub-order  2.     CoFFEEiE.     Stipules  scaly :   loculi  1-seeded. 

Coffea  arabica,  the  Coffee-tree  of  Africa,  is  grown  in  the  tropics  ;  the  fruit,  a 
berry,  contains  one  or  two  seeds ;  the  so-called  coffee-bean  is  the  seed,  which 
consists  of  hard  endosperm  and  contains  a  small  embryo.  Cephaelis  yields 
Ipecachuana. 

Sub-order  3.  CixcHONEiE.     Stipules  scaly  ;  loculi  many-seeded. 

Varioiis  species  of  Cinchona,  indigenous  to  the  eastern  slopes  of  the  Andes, 
but  cultivated  in  Java  and  the  East  Indies,  yield  the  cinchona  bark  from  which 
Quinine  is  prepared.  Bouvardias  are  ornamental  greenhouse  plants  from 
Central  America. 

Order  2.  Caprifoliace^e.  Flowers  usually  pentamerous,  actino- 
morphic  or  zygoraorphic  :  corolla  usually  with  imbricate  eestiva- 
tion  ;  gynseceam  2-5-nierous  :  ovules  suspended  :  fruit  baccate ; 
seed  with  endosperm :  leaves  opposite,  usually  exstipulate. 
Mostly  trees  or  shrubs. 


Fig.  480.— Floral  diagram  of 
Caprifoliacefe.  A  Leycesteria : 
a  gynaeceum  of  Lonicera ;  b  of 
Symphoricarpus. 


Fig.  461.— Flower  of  LoniceroCapn/o/ium: /ovary ;  fc  calyx;  r  corolla-tube;  c  c  the  Ave 
lobes  of  the  limb  ;  at  stamens ;  g  style ;  n  stigma. 


Tribe  1.  Sambuceo!.  Flower  regular,  sometimes  completely  actinomorphic, 
corolla  rotate  (Fig.  329  C) :  one  ovule  in  each  loculus. 

Sambucus  has  a  5-partite  corolla,  and  3-5  seeds  in  the  berry;  S.  nigra  is  the 
Elder ;  S.  Ebuliis  is  the  Dwarf  Elder  or  Danewort.  Viburnum  has  a  5-partite 
corolla,  and  one  seed  in  th^  trimerous  berry,  two  carpels  bein?;  abortive  ;  V. 
Lantana  and  V.  Opulns,  the  Guelder  Rose,  are  common  ;  a  form  of  the  last 
species  is  cultivated  in  which  all  the  flowers  (and  not  merely  those  at  the 
circumference  of  the  corymb  as  in  the  original  species)  have  a  large  corolla,  and 
are  barren  ;  ^^  Tinm  is  the  Laurustinus.  Adoxa  moschntellina,  the  Moschatel,  is  a 
small  plant  occurring  in  damp  woods ;  its  flowers  are  4-  or  5-merous  ;  it  appears 
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that  there  is  no  calyx,  that  which  is  regarded  as  the  calyx  being  probably  an 
involucre  of  bracteoles  and  bract :  the  stamens  are  each  divided  into  two,  so 
that  there  are  8-10  bilocular  anthers. 

Tribe  2.  Lonicerece.  Flowers  more  or  less  irregular,  zygomorphic ;  corolla 
tubular :  loculi  containing  several  ovules. 

Lonicera,  the  Honeysuckle,  has  a  somewhat  bilabiate  corolla  (Fig.  461),  and  a 
2-3-locular  ovary ;  L.  Caprifolium  and  Periclymenum,  with  a  climbing  stem,  are 
well-known  garden  shrubs;  in  many  species  the  fruit  of  two  adjacent  flowers 
grow  together  to  form  a  single  berry  {e.g.  L.  alpigena).  Symphoricarpm 
racemosus,  the  Snowberry,  has  a  4-5-locular  ovary  with  white  berries  ;  it  is  a 
common  ornamental  shrub.  Diervilla  (or  Weigelia)  has  a  bilocular  capsule ;  D. 
florida  and  rosea  are  ornamental  shrubs.  Linncea  horealis  is  a  small  creeping 
plant  in  Scotland  ;  it  has  4  unequal  stamens,  the  posterior  being  suppressed,  and 
a  trilocular  ovary. 


Cohort   III.    Asterales.     Flower  either  irregular  or  regular, 
pentamerous,   zygomorphic   in   consequence  of    oligomery  in   the 


gynoeceum  :    calyx   inconspicuous, 


Fig.  462.—^  Flower,  B  Fruit  of  Valerian :  / 
ovary ;  fc  calyx ;  c  corolla ;  a  spur :  st  stamens ; 
<7  style;  J)  pappus.  Floral  diagrams,  A  of 
Valerian  ;  abortive  carpels  x  x  :  5  of  Cen- 
tranthns. 


often  wanting :  stamens  epi- 
petalous,  alternating  with 
the  segments  of  the  corolla: 
ovary  unilocular,  ovule  soli- 
tary. 

Order     1.        VALERIANACEiE. 

Flower  irregular :  calyx 
rudimentary,  sometimes 
eventually  assuming  the  form 
of  a  hairy  crown  of  ten  rays, 
called  a  pajppus,  which  is  not 
developed  until  after  flower- 
ing (Fig.  462  B,  p)  ;  during 
flowering  it  remains  short 
and  infolded  (Fig.  462  A,  k) : 
stamens  1-4,  usually  three : 
carpels  three,  of  which,  how- 
ever, usually  only  one  de- 
velopes,  so  that  the  fruit  is 
unilocular  (Diagram  A,  Fig. 
462)  ;  ovule  single,  sus- 
pended :  seed  without  endo- 
sperm :  leaves  decussate,  ex- 
stipulate. 

Of    the     genera    occurring    in 
Britain,  Valeriana  and  Centranthus 
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have  a  pappus  whilst  Valerianella  has  not.  Valeriana  officinalis^  and  dioica,  are 
common  in  damp  places.  Valerianella  has  a  toothed  calyx-limb  ;  many  species 
are  common  in  fields :  Valerianella  olitoria,  Corn-salad,  or  Lamb's-lettuce,  is 
eaten.  Centranthus  ruber  is  a,n  ornamental  plant;  only  one  stamen  and  one 
carpel  are  developed  (Fig.  462,  Diagram  B)  ;  at  the  base  of  the  tube  of  the 
corolla  is  a  spur  which  is  indicated  in  Valeriana  by  a  protuberance. 

Order  2.  Dipsacej:.  Flower  more  or  less  dorsiventral,  sur- 
rounded by  an  epicalyx  (Fig.  463  k')  formed  of  connate  bracteoles: 
calyx  often  plumose  or  bristly  (Fig.  463  k)  :  corolla  usually  bila- 
biate :  stamens  only  four,  the  posterior  one  being  suppressed : 
ovary  apparently  dimerous,  one  carpel  being  more  or  less  com- 
pletely suppressed,  unilocular,  with  one  suspended  ovule  :  seed 
with  endosperm  :  leaves  decussate,  exstipulate  :  flowers  in  a  dense 
capitulum  surrounded  by  an  involucre  of  bracts  :  the  outer  florets 
are  usually  ligulate :  the  receptacle  may  or  may  not  bear  scaly 
bracts  (paleae) :  fruit  invested  by  the  epicalyx  which  is  cleft  longi- 
tudinally. 

Dipsacus,  the  Teazle,  has  a  calyx  without  bristles ;  the  capitula  of  Dipsacns 
Fnllomim  are  used  in  finishing  woollen  cloth,  for  the  sake  of  the  strong  hooked 
spines  of  the  paleae  :  D.  sylvestris  is  common  on  waste  ground.  In  the  genus 
Scabiosa,  the  paleae,  which  are  usually  present,  are  not  spinous  :  in  the  sub-genus 
Asterocephalus,  the  epicalyx  (or  involucel)  is  8-furrowed,  and  its  projecting  limb 
is  dry  and  scarious ;  S.  Columbaria,  with  a  5-lobed  corolla,  is  common  in  dry 
pastures  :  in  the  sub-genus  Succisa,  the  limb  of  the  8-furrowed  epicalyx  is  her- 
baceous ;  S.  succisa,  with  a  4-lobed  corolla,  occurs  in  damp  meadows :  in  the 
sub-genus  Knautia,  there  are  no  paleas  but  the  receptacle  is  hairy,  and  the  epi- 
calyx is  4-furrowed  ;  S.  arvensis  is  common  in  fields. 

Order  3.  Composite.  The  flowers  are  always  collected  into 
many-flowered  capitula  (sometimes  only  X-flowered)  ;  different 
kinds  of  flowers  (  ^  ,  ?  ,  or  sterile)  generally  present  in  the  same 
head :  ovary  dimerous  unilocular,  with  a  basal,  erect,  anatropous 
ovule :  the  calyx  is  rarely  present  in  the  form  of  small  leaves  or 
scales  (Fig.  466  J9,  p)  ;  more  commonly  it  is  a  crown  of  simple  or 
branched  hairs  (pappus;  Figs.  464  p;  466  -^,  ^,  jo),and  is  not 
developed  till  after  the  flowering  is  over  ;  sometimes  the 
calyx  is  wholly  wanting :  corolla  tubular,  either  regular,  and  .5- 
toothed  (Figs.  464  A^  c ;  466  0,  m,  c),  or  irregular  and  expanded 
at  the  upper  end  in  a  lateral  limb  with  3  or  5  teeth  (Figs.  464  J5; 
466  B,  ra;  466  A^  ra^  c),  when  it  is  said  to  be  ligulate  :  the  sta- 
mens are  short,  inserted  upon  the  corolla  (Fig.  464  A,  st)  ;  the 
anthers  are  elongated  and  syngenesious,  forming  a  tube  through 
which  the  style  passes  (Figs.  464  J,  a ;  466  A^  a)  :  this  is  bifid  at 
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its  upper  end  (Fig.  464  A,  n;  466  A  and  0,  ot)  :  on  each  of  these 
branches  the  stigmatic  papillae  are  arranged  in  two  rows  :  in  the 
wholly  $  flowers  the  styles  are  usually  shorter  (Fig.  464  B,  g)  : 
fruit  a  cypsela  (p.  580),  crowned  by  the  pappus  (Fig.  466  A,  E,  D, 
p)  when  it  is  present  (Fig.  466  F,  f)  :  sometimes  the  fruit  has  its 
upper  end  prolonged  into  a  beak,  and  its  surface  is  covered  with 
ridges  or  spines  (Fig.  466  E) :  seed  without  endosperm. 

Usually  herbs  with  scattered  (more  rarely  decussate),  exstipulate 
leaves,  often  with  milky  latex.     The  capitula  are  always  surrounded 


Fig.  463.— Flower  of 
Scabiosa(mag.) :  /ovary ; 
fc'  epicalyx  (long  sect.); 
k  calyx;  c  corolla;  st  sta- 
mens; n  stigma. 


Fig.  465.— Floral  dia- 
gram of  Composito? 
(tubular  floret). 


Fig.  46i.— Flower  of  Arnica  (mag.).  A  Tubular  floret  from  the  centre  (disc)  (longitudinal 
sect.).  B  Ligulate  marginal  floret  (ray) :  /ovary  ;  p  pappus;  c  corolla  ;  a  anthers ;  n  stigma; 
g  style  j  s  ovule. 

by  a  number  of  bracts  forming  an  in  vol  acre  (Fig.  466  B,  C,  i). 
The  scaly  bracts  of  the  individual  floi*ets  (palese)  may  be  present 
or  wanting  (Fig.  466  G,  d). 

The  CompositoB  are  clas»sified  according  to  the  form  of  the 
flowers  and  to  the  distribution  of  the  different  kinds  of  flowers  in 
the  inflorescence. 

Sub-order  I.  Tubuliflorje.  The  capitula  either  consists  entirely  of  $  tubu- 
lar  tlorets  (by  tubular  flowers  are  meant  those  with  a  regular  5-toothed  corolla) 
or  the  central  florets  (florets  of  the  disc)  are  tubular  and  $  (Fig.  464  A), 
whereas  the  florets  of  the  ray  are  ligulate  and  ?  or  sterile,  aud  form  one  or  two 
rows  (Figs.  464  B  ;  466  B  and  C,  ra). 
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Tribe  1.  Eupatoriece.  Leaves  mostly  opposite  :  flowers  all  tubular,  ^  ;  the 
branches  of  style  narrow ;  papilla  extending  to  the  middle. 

Eupatorium  camiabiniim,  the  Hemp  Agrimony,  is  common  in  damp  places. 

Tribe  2.  Asteroidece.  Leaves  alternate:  ray-florets  ?  or  sterile,  generally 
ligiilate :  branches  of  the  style  hairy  above,  papillae  extending  to  where  the 
hairs  begin.  Many  species  of  Aster,  belonging  chiefly  to  North  America,  are 
cultivated  as  ornamental  plants,  as  also  Callistephus  hortensis,  commonly  known 
as  the  China  Aster.  Erigeron  acre,  alpinum,  and  canadense  occur  in  England  ; 
the  last  is  an  imported  weed.  Bellis  perennis,  the  Daisy,  has  no  pappus.  Solidago 
virgaurea  is  the  Golden  Rod. 


Fig.  468.— Flowers  of  Compositse :  /  fruit  or  ovary  :  h  its  beak  ;  p  pappus;  c  corolla ;  r 
stamens;  o  anthers;  n  stigmata.  A  Ligulate  flower  of  Taraxacum,  with  a5-toothed  corolla- 
limb,  3 .  B  Capitulum  of  Achillea :  m  floret  of  the  ray,  with  liKulate  3-tootbed  corolla,  ? ; 
r»i  9  florets  of  the  disc,  with  a  6-toothed  tubular  corolla;  i  involucre.  C  Longitudinal 
section  more  highly  magiiifted  ;  r  receptacle;  i  involucre;  d  bracteoles  (palea?) ;  ra  floret 
of  the  ray  ;  m  florets  of  the  disc ;  n'  stigmata  of  the  $  flowere.  D  Fruit  of  Tanacetum 
with  a  scaly  pappus:  E  of  Taraxacum,  with  a  hairy  pappus;  h  beak:  F  of  Artemisia 
without  a  pappus  (mag.). 


Tribe  3.  Senecionidea.  Leaves  alternate :  ray- florets  in  one  row,  ligulate 
?  ,  rarely  absent:  branches  of  the  style  tufted  at  the  tips. 

Senecio  vulgaris,  the  common  Groundsel,  has  no  ray-florets.  Arnica  viontana 
occurs  in  Alpine  woods.  Two  species  of  Doronicum  {D.  Pardaliauches  and 
plantagiueum)  have  become  naturalized  in  England.     Petasites  vulgaris,  the 
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Butter-bur,  and  Tussilago  Farfara,  the  common  Coltsfoot,  are  common  in  damp 
fields. 

Tribe  4.  Anthemidece.  Leaves  alternate:  ray-florets  ?  ,  ligulate  or  tubular: 
branches  of  style  tufted  at  the  tips :  involucral  bracts  scarious  :  pappus  0,  or 
minute. 

Artemisia  Absinthium,  Wormwood,  A.  vulgaris  and  campestris  are  common: 
Chrysanthemum  Leucanthemum,  the  Ox-eye  Daisy,  is  common  in  fields  :  Matri- 
caria Ghamomilla,  the  Wild  Chamomile,  has  a  hollow  conical  receptacle 
destitute  of  paleas :  Anthemis  nobilis,  the  Common  Chamomile,  has  a  receptacle 
bearing  paleag,  as  also  A.  ai-vensis,  the  Corn  Chamomile  :  Achillea  Millefolium 
is  the  Milfoil,  or  Yarrow  :  Tanacetum  vuhjare  is  the  Tansy :  Diotis  maritima  is 
the  seaside  Cotton-weed. 

Tribe  5.  Helianthoidece.  Leaves  opposite  :  ray-florets  0  or  ligulate,  yellow, 
$  or  sterile  :  branches  of  style  as  in  Asteroideae. 

Bidens  is  common  in  wet  places,  Galinsoga  is  naturalized  in  England.  Heli- 
anthus  annuus  is  the  Sunflower ;  oil  is  extracted  from  the  seeds  :  tbe  tubers  of 
H.  tuherosus,  a  West  Indian  species,  are  rich  in  inulin  (p.  114),  and  serve  as 
a  vegetable  (Jerusalem  Artichoke).  Species  of  Zinnia,  Rudbeckia,  Dahlia,  and 
Coreopsis  are  cultivated. 

Tribe  6.  Helenioidece.  Resemble  the  Helianthoideae,  but  the  receptacle  is 
without  paleas.  Species  of  Helenium,  Tagetes,  Gaillardia,  are  commonly  culti- 
vated as  garden  flowers. 

Tribe  7.  limloidaB.  Leaves  alternate  :  ray-florets  frequently  ligulate,  ? , 
yellow  :  anthers  appendiculate  at  base. 

In  Inula  {I.  Helenium,  the  Elecarapane),  Pulicaria  (P.  dysenterica,  the  Flea- 
bane),  and  others,  the  ray-florets  are  ligulate ;  whereas,  in  other  genera,  Gna- 
phalium  (the  Cudweed),  Filago,  Anteunaria,  the  ray-florets  are  filiform  ;  Anten- 
uaria  is  dioecious. 

Tribe  8.  Cynarece.  Flowers  all  tubular,  the  outer  ones  sometimes  $  or 
sterile :  style  thickened  below  the  branches  :  anthers  often  appendiculate  at 
base  :  leaves  generally  armed  with  spines,  alternate. 

Arctium  Lappa  {A.  majus),  the  Burdock,  is  common  by  roadsides  ;  the  leaves  of 
the  involucre  are  hooked  and  spinous.  Carduus  nutans  and  crispus  are  common 
(true)  Thistles  ;  Gnicus  lanceolatus,  palustris,  pratensis  (Plume-thistles),  are 
common  in  damp  districts.  Carlina  vulgaris  is  the  Carline-Thistle  ;  the  inner 
leaves  of  the  involucre,  which  are  white,  fold  over  the  flower-head  under  the 
influence  of  moisture,  but  in  drought  spread  widely  open.  Onopordon  Acanthium 
is  the  Scotch  or  Cotton  Thistle.  Centaurea  Scabiosa  and  nigra,  the  Knapweeds, 
are  common  everywhere  :  C.  Cyanus  is  the  Corn-flower  or  Bluebottle,  occurring 
in  wheat-tields.  Cynara  Scolymus  is  the  Artichoke ;  the  flower-buds  are  eaten 
as  a  vegetable.  Carthamus  tinctoria,  the  Safflower,  is  used  in  dyeing.  In  Echi- 
uops,  the  Globe-Thistle,  numerous  one-flowered  capitula  are  collected  into  one 
large  spherical  head.     Saussurea  and  Serratula  are  the  Saw-worts. 

Tribe  9.  Calendulea.  Eay-florets  ?  and  usually  ligulate  :  disc-florets  usu- 
ally sterile. 

Calendula  officinalis,  the  Pot  Marigold,  is  a  familiar  garden  plant. 
Sub-order  II.    Labiatifloe^.    The  $  disc-florets  have  a  regular  or  a  bilabiate 
corolla ;  the  ray-florets  have  usually  a  bilabiate  corolla. 


DIC0TYLE1K)NES  :    GAMOPETALJ:.  665 

Tribe  10.  Mutisu(e.  This  tribe  includes  all  the  Compositeo  with  a  bilabiate 
corolla :  they  come  mostly  from  South  America.  Mutisia  is  one  of  the  few 
climbing  genera :  it  climbs  by  means  of  leaf-tendrils. 

Sub-order  III.  Liguliflor^.  All  the  florets  are  $  ;  limb  of  the  corolla  5- 
toothed  and  ligulate  (Fig.  466  A). 

Tribe  11.  Cichoriece.  Mostly  herbs,  all  containing  latex  in  laticiferous 
vessels  (p.  142). 

Taraxacum  officinale,  the  Dandelion,  is  the  commonest  of  wild  flowers. 
Lactuca  mtiva  is  the  Lettuce :  L.  Scariola,  virosa,  and  others  are  common  in 
waste  places.  Scorzonera  hispatiica  is  eaten  as  a  vegetable.  Tragopogon  por- 
rifolim  is  the  Salsafy  ;  T.  pratensis,  the  Goat's-beard,  is  common.  Cichorinm 
Intijhus,  the  Chicory,  is  found  by  roadsides ;  the  roasted  roots  are  mixed  with 
Coffee:  C.  Endivia  (Endive)  is  a  vegetable.  To  this  tribe  belong  also  the 
British  genera  Hypochaeris  (Cat's-ear),  Arnoseris  (Lamb's  Succory),  Leontodon 
(Hawkbit),  Hieracium  (Hawkweed),  Sonchus  (Sow-Thistle),  Crepis  (Hawk's- 
beard),  Lapsana  (Nipplewort),  Picris. 


PART   lY. 
THE   PHYSIOLOGY   OF   PLANTS. 

§  1.  Introductory.  The  province  of  physiology  is  the  study 
of  those  phenomena  which,  taken  together,  constitute  the  life  of. 
the  plant ;  in  other  words,  whilst  morphology  is  concerned  with 
what  plants  are,  and  histology  with  their  structure,  physiology 
deals  with  what  they  do.  These  phenomena  may  be  classified, 
according  to  their  nature,  into  functions,  or  different  kinds  of 
physiological  work. 

The  body  of  the  plant,  whether  it  be  unicellular  or  multicellular, 
is  one  physiological  whole.  In  the  lower  and  simpler  plants  the 
various  functions  are  equally  discharged  by  all  parts  of  the  body  ; 
but  in  more  highly-organised  plants  the  functions  are  distributed 
among  the  members  and  tissues,  that  is,  there  is  physiological 
division  of  labour  (see  pp.  2,  92).  In  these  higher  plants  each 
member,  and  each  tissue,  is  adapted  to  the  performance  of  one 
or  more  functions,  and  is  the  organ  (p.  2)  by  which  these  special 
kinds  of  physiological  work  are  done. 

The  performance  of  their  functions  by  the  organs  of  the  plant  is, 
however,  materially  affected  by  various  external  conditions.  For 
instance,  the  activity  of  the  assimilatory  function  of  green  leaves 
is  altogether  dependent  upon  exposure  to  light  of  adequate  in- 
tensity. Hence  the  object  of  physiology  is  not  only  to  distinguish 
and  study  the  various  functions,  and  to  demonstrate  the  relation 
between  them  and  the  internal  structure  and  the  external  form  of 
the  organs  performing  them,  but  also  to  determine  what  are  the 
external  conditions  by  which  the  performance  of  the  various 
functions  is  affected,  and  the  modes  in  which  these  conditions  exert 
their  influence. 


CHAPTER   L 
GENEKAL  PHYSIOLOGY. 

§  2.  The  Functions.  In  entering  upon  the  analysis  of  the 
vital  phenomena  of  plants,  it  must  be  clearly  understood  that  these 
phenomena  all  depend  upon  the  living  protoplasm  ;  that  the  vital 
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functions  are  performed  by  the  protoplasm,  though  the  other  cell- 
contents  and  the  cell-walls  are  not  without  their  physiological 
importance.  With  regard  to  the  functions  themselves,  it  is 
apparent,  in  the  first  place,  that  the  outcome  of  the  physiological 
activity  of  the  plant  is  the  maintenance  of  itself,  and  the  produc- 
tion of  new  individuals  resembling  itself.  Hence  a  distinction  may 
at  once  be  drawn  between  the  nutritive  and  the  reproductive  pro- 
perties of  protoplasm.  Moreover,  during  its  life,  the  plant 
responds,  in  a  more  or  less  marked  manner,  to  the  action  of 
external  forces,  such  as  light,  gravity,  etc.  This  is  a  manifesta- 
tion of  another  property  of  the  protoplasm,  namely  irritability  or 
sensitiveness.  Very  commonly  the  response  to  the  action  of  the 
external  forces  is  of  the  nature  of  movement :  but  movements  may 
be  spontaneously  performed  by  various  parts  in  virtue  of  the  auto- 
matism  of  the  protoplasm  :  the  motile  property  of  protoplasm  may 
be  termed  motility. 

The  nutritive  property  of  protoplasm  requires,  however,  further 
analysis.  First,  it  is  clear  that  nutrition  necessarily  depends  upon 
the  absorption  of  food  from  without ;  hence  the  plant  is  capable 
of  performing  the  function  of  absorption.  Secondly,  from  the  food 
absorbed,  protoplasm  must  ultimately  be  formed ;  the  building  up 
of  protoplasm  out  of  the  food  is  termed  assimilation,  and  the  pro- 
perty by  means  of  which  this  function  is  performed  is  termed  the 
metabolic  property  of  protoplasm. 

But  the  metabolic  processes  going  on  in  the  protoplasm  are  not 
only  such  as  lead  to  its  maintenance  or  increase  in  bulk  ;  on  the 
contrary,  the  protoplasm  is  continually  undergoing  decomposition. 

Stating  these  points  in  a  more  general  form,  it  is  to  be  clearly 
apprehended  that  there  are  two  sets  of  chemical  processes  con- 
tinually and  simultaneously  going  on  in  living  protoplasm.  Of 
these,  which  together  constitute  the  metabolism  of  the  plant,  one 
set  includes  those  processes  which  lead  to  the  formation  of  more 
complex  substances  from  simpler  ones  ;  the  other,  those  processes 
which  lead  to  the  formation  of  simpler  substances  by  the  decom- 
position of  more  complex  ones.  The  former  are  designated  the 
constructive  metaholistn  or  more  shortly,  the  anabolism,  of  the  proto- 
plasm ;  the  latter  are  designated  the  destructive  metabolism^  or  the 
catabolism,  of  the  protoplasm.  It  must  also  be  clearly  understood 
that  these  two  sets  of  processes  affect  not  only  the  state  of  the 
matter  or  substance  of  which  *he  plant  consists,  but  also  the  state 
of  the  energy  in  the  plant :  for  the  anabolisra  is  accompanied  by 
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a  conversion  of  kinetic  into  potential   or  latent  energy,  and  the 
catabolism,  by  a  conversion  of  potential  into  kinetic  energy. 

These  various  points  will  now  be  severally  considered. 

1.  Absorption.  The  main  idea  connected  with  this  function  is 
the  taking  up  of  water  and  other  substances  into  the  plant  from 
without ;  but  it  must  not  be  overlooked  that,  in  a  multicellular 
plant,  the  cells  absorb  from  each  other. 

In  any  case,  the  function  of  absorption  depends  upon  the 
physical  process  of  diffusion  through  membrane  of  substances  in 
solution,  or  osmosis.  For  instance,  supposing  two  adjacent  cells; 
one  of  which  has  its  cell- sap  charged  with  sugar,  whereas  that 
of  the  other  has  none;  the  sugar  will  diffuse  through  the  inter- 
vening cell-wall  until  the  sap  in  both  cells  holds  the  same  pro- 
portion in  solution.  This  being  the  mode  of  absorption,  it  is 
clear  that  the  substances  can  only  be  absorbed  in  the  fluid  form, 
either  as  liquids  or  gases. 

So  far  the  function  of  absorption  would  appear  to  be  a  simply 
physical  process.  It  must,  however,  be  borne  in  mind  that  the 
cell-wall  is  lined  by  living  protoplasm,  which  modifies  the  purely 
physical  diffusion  through  the  cell- wall,  both  as  regards  the  nature 
and  relative  quantity  of  the  substances  which  pass  into  or  out  of 
the  cell  ;  so  that  the  physical  laws  of  osmosis,  as  determined  by 
experiments  with  dead  membrane,  are  not  directly  applicable  to 
the  osmotic  phenomena  of  a  living  cell. 

I  There  is  one  manifestation  of  the  osmotic  properties  of  living 
plant-cells  which  is  of  such  fundamental  importance,  particularly 
in  connexion  with  movement,  that  it  requires  special  mention. 
It  is  this,  that  the  cells  tend  to  take  up  such  large  quantities  of 
water,  that  a  considerable  pressure  is  set  up  in  the  cell  between 
the  cell-sap,  on  the  one  hand,  and  the  elastic  cell- wall  on  the 
other.  This  state  of  tension  is  known  as  turgidity  or  turgescence, 
and  a  cell  in  this  state  is  said  to  be  turgid.  The  conditions  upon 
which  turgidity  depends  are  three  :  first,  the  presence  of  osmoti- 
cally  active  substances  in  the  cell-sap  to  attract  water ;  second, 
the  presence  of  a  layer  of  protoplasm  lining  the  cell- wall ;  third, 
the  presence  of  an  elastic  cell- wall.  With  regard  to  the  first  of 
these  conditions,  the  necessity  for  it  is  obvious.  It  appears  that  the 
osmotically  active  substances  in  question  are  especially  the  organic 
acids  or  acid  salts,  which  are  abundantly  produced  in  the  meta- 
bolism of  plants.  The  significance  of  the  second  condition  is, 
that    the  layer  of    protoplasm  prevents,   at  least  within   certain 
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limits,  the  escape  of  the  cell-sap  as  the  pressure  in  the  cell  in- 
creases, and  it  is  on  this  account  that  the  high  degree  of  turgidity 
of  plant-cells  is  attained.  Finally,  the  presence  of  an  elastic 
cell-wall  is  obviously  a  necessary  factor,  for  without  resistance 
there  can  be  no  pressure. 

It  commonly  happens,  as  will  be  subsequently  pointed  out  in 
many  instances,  that  an  escape  of  cell-sap  from  turgid  cells  may 
take  place  without  any  rapture  or  injury  of  the  cells ;  this  is 
termed  the  escape  of  cell-sap  hy  filtration  under  pressure. 

It  is  clear,  since  the  plant  can  only  absorb  dilute  solutions  of 
solids  dissolved  in  water,  that  a  much  larger  quantity  of  water 
than  is  necessary  for  the  immediate  wants  of  the  plant,  must  be 
absorbed ;  and  it  is  necessary  that  this  excess  of  water  should  be 
got  rid  of.  It  is  got  rid  of  mainly  in  the  form  of  watery  vapour 
which  is  exhaled  into  the  air.  This  exhalation  of  watery  vapour 
is  not  simply  physical  evaporation,  but  is  a  vital  phenomenon 
controlled  by  the  living  protoplasm ;  it  is  termed  transpiration. 

2.  Metabolism.  This  term  refers  to  all  the  chemical  changes 
which  go  on  in  living  protoplasm  itself,  and  which  it  induces  in 
other  substances. 

a.  Anaholisin.  It  has  been  already  stated  that  the  metabolic 
processes  included  under  this  head,  are  those  in  which  complex 
substances  are  formed  from  simpler  ones.  The  most  complex 
substance  of  all  being  protoplasm,  it  may  be  stated  that  the  end  of 
the  anabolic  processes  is  the  construction  of  protoplasm. 

The  anabolic  process  which  is  most  fundamentally  important, 
and  which  is  most  characteristic  of  plants  as  opposed  to  animals, 
is  the  construction,  by  the  green  parts  of  plants  under  the  in- 
fluence of  light,  of  organic  substance  from  carbon  dioxide 
absorbed  from  the  air,  and  water  absorbed  from  the  soil.  This  is 
the  first  step  in  the  process  of  assimilation  as  carried  on  in 
plants  containing  chlorophyll. 

h.  Catabolism.  Under  this  head  are  included  the  dissociations 
which  the  molecules  of  protoplasm  undergo,  and  those  which  it 
induces  in  other  complex  substances,  either  directly,  or  by  means 
of  certain  metabolic  substances  known  as  enzymes  or  unorganised 
ferments. 

In  most  cases  the  catabolism  of  the  plant  is  accompanied  by  a 
gaseous  interchange  between  the  plant  and  the  air,  of  this  nature 
that  the  plant  absorbs  oxygen  gas  and  gives  off  carbon  dioxide. 
This  gaseous  interchange  is  known  as  respiration. 
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The  Products  of  Metabolism  may  be  classified  as  plastic  products 
and  waste-products :  the  former  are  such  as  can  be  further  worked 
up  in  anabolism ;  the  latter  are  not  so  used,  but  are  withdrawn 
from  the  sphere  of  the  metabolic  activity,  by  being  either  ex- 
creted, or  secreted  in  the  insoluble  form  in  special  receptacles 
(see  pp.  137  ff  ).  Of  the  products  of  catabolism,  carbon  dioxide  is 
the  most  constant. 

3.  Irritability.  It  is  in  virtue  of  the  irritability  of  its 
protoplasm  that  the  plant  is  in  relation  with  the  external  condi- 
tions under  which  it  is  living.  Any  sudden  change  in  the  ex- 
ternal conditions,  or  in  the  direction  or  intensity  of  the  forces 
acting  upon  the  plant,  evokes  some  more  or  less  evident  response ; 
that  is,  it  acts  as  a  stimulus^  inducing  a  more  or  less  sudden  evolu- 
tion of  kinetic  energy.  The  most  striking  response  to  the  action 
of  a  stimulus  is  the  performance  of  a  movement :  it  must  not, 
however,  be  inferred  that  because  stimulation  may  fail  to  produce 
a  responsive  movement  of  any  part,  the  protoplasm  of  that  part 
is  not  irritable ;  for  it  must  be  borne  in  mind  that  the  mechanical 
conditions  may  be  such  as  to  render  movement  impossible. 

That  it  is  essentially  the  protoplasm  which  is  the  seat  of 
irritability  is  shown  by  the  fact  that  naked  masses  of  protoplasm, 
such  as  zoospores  and  the  plasmodia  of  Myxomycetes,  are  highly 
irritable. 

4.  Automatism.  Movements  may,  however,  take  place  without 
the  action  of  a  stimulus,  such  movements  being  distinguished  as 
spontaneous  or  automatic.  They  are  to  be  ascribed  to  spontaneous 
evolutions  of  energy  in  the  plant,  which  may  be  sudden  or 
periodic. 

5.  Motility.  This  property,  by  means  of  which  the  move- 
ments, whether  spontaneous  or  induced  by  stimuli,  of  parts  of 
plants  are  performed,  resides,  like  the  irritability,  in  the  proto- 
plasm, as  is  clearly  shown  by  the  movements  of  naked  masses  of 
protoplasm. 

6.  Reproduction.  The  function  of  reproduction  consists  essenti- 
ally in  the  throwing  off  by  the  individual  of  portions  of  its 
protoplasm,  by  which  new  individuals  resembling  itself  are  pro- 
duced. The  reproductive  property  is  generally  widely  dis- 
tributed in  plants,  so  that  almost  any  part,  if  cut  off,  can  develope 
the  missing  members,  thus  completing  its  segmentation  and 
producing  a  new  individual.  In  most  cases,  however,  there  is 
provision  for  the  formation  of  special  reproductive  cells,  termed 
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generally  spores,  each  of  which  is  capable  of  developing  into  a  new 
organism  (see  pp.  3,    67). 

§  3.  The  External  Conditions.  The  functions  of  the  plant 
can  only  be  carried  on  under  a  certain  coincidence  of  favourable 
external  conditions.  Thus,  an  ordinary  green  plant  will  only 
flourish  when  the  conditions  are  such  that  it  is  supplied  with 
appi-opriate  food,  with  water,  and  with  oxygen  for  its  respiration, 
and  is  exposed  to  a  suitable  temperature  and  to  sufficiently  in- 
tense light. 

The  importance  of  a  supply  of  food  and  of  water  is  sufficiently 
obvious  to  need  no  further  explanation  here.  The  importance  of 
a  supply  of  oxygen  is  that  without  it  the  normal  catabolic  pro- 
cesses which  are  attended  by  an  evolution  of  kinetic  energy  in 
the  plant  would  either  cease,  or  be  so  far  suppressed  that  the  plant 
would  no  longer  manifest  its  vital  phenomena  ;  for  instance,  it 
would  cease  to  grow,  and  would  eventually  die.  But  it  must  not 
be  assumed  that  these  catabolic  processes  are  the  ultimate  source 
of  energy  in  the  plant :  on  the  contrary,  the  energy  evolved  in 
the  decomposition  of  a  substance  only  represents  a  part  or  the 
whole,  according  to  the  degree  to  which  decomposition  proceeds, 
of  the  energy  expended  in  producing  the  substance.  And  here  it 
is  that  the  importance  of  heat  and  light  to  the  plant  becomes 
apparent;  for  the  heat  and  light  of  the  sun  are  the  ultimate 
sources  from  which  the  plant  obtains  the  energy  necessary  for  the 
maintenance  of  its  life.  Heat  is  an  essential  condition  to  the  per- 
formance of  all  the  vital  functions  of  the  plant :  and  Hght  is  an 
essential  factor  in  that  most  fundamental  of  all  the  nutritive 
processes  of  the  green  plant,  the  assimilation  of  carbon  dioxide. 

Inasmuch  as  the  influence  of  heat  and  light  is  so  comprehen- 
sive, it  may  be  generally  considered  now,  the  detailed  considera- 
tion of  these  and  other  external  conditions  being  relegated  to  the 
discussion  of  the  functions  which  they  especially  affect. 

Heat.  Every  function  of  the  plant  can  only  take  place  within 
certain  limits  of  temperature :  that  is,  between  a  certain  minimum 
and  a  certain  maximum  degree.  Between  these  limits  there  is  for 
each  function  a  degree  of  temperature,  the  optimum,  at  which  that 
function  is  carried  on  with  the  greatest  activity  ;  any  fall  of 
temperature  from  this  optimum,  or  any  rise  above  it,  leads  to  a 
diminished  activity  of  the  function.  These  general  laws  have  been 
arrived  at  by  observation  of  such  processes  as  movement,  absorp- 
tion by  the  roots,  assimilation,  etc. 
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It  may  be  stated  generally  that  all  the  functions  of  plants 
inhabiting  temperate  climates  begin  to  be  carried  on  at  a  tempera- 
ture a  few  degrees  above  the  freezing-point ;  as  the  temperature 
rises  to  25°-30°  C.  the  activitj'-  of  the  functions  is  increased  and 
the  optimum  attained ;  with  a  further  rise  the  activity  of  the 
functions  is  diminished,  and  at  45°-50°  C.  they  commonly  cease 
altogether.  In  the  case  of  plants  which  naturally  grow  in  warmer 
climates,  the  minimum-temperature  is  somewhat  higher  than  that 
stated  above.  Thus  a  pumpkin-seed  will  not  germinate  at  a 
temperature  below  13°  C. 

The  power  of  withstanding  the  injurious  effect  of  exposure  to  too 
high  a  temperature  depends  mainly  upon  the  proportion  of  water 
which  the  plant,  or  any  particular  part  of  it,  contains.  Thus,  dry 
peas  can  withstand  exposure  for  an  hour  to  any  temperature  up  to 
70°  C,  whereas,  when  they  have  been  soaked  in  water,  exposure 
to  a  temperature  of  54°  C,  proves  fatal.  Most  parts  of  plants  are 
killed  by  prolonged  exposure  to  a  temperature,  in  air,  of  about 
50°  C,  and  in  water,  of  about  45°  C. 

Injury  or  death  by  exposure  to  cold,  is  only  induced  when  the 
temperature  falls — in  some  cases  many  degrees — below  freezing- 
point.  Some  plants — just  those,  namely,  such  as  Lichens,  and 
some  Fungi  and  Mosses,  which   can   undergo  desiccation  without 

injury — are  not  killed  by  exposure 
to  low  temperature.  Here,  also,  the 
liability  to  injury  depends  upon  the 
amount  of  water  contained  in  the 
tissue.  Thus,  dry  seeds  and  the 
winter-buds  of  trees  can  readily 
withstand  low  temperatures  ;  but 
when  they  contain  a  considerable 
quantity  of  water,  as  when  the  seeds 
are  germinating  or  the  buds  unfold- 
ing, they  are  very  susceptible  to 
injury.  When  a  part  of  a  plant, 
which  contains  a  large  proportion 
of  water,  is  exposed  to  a  low  tem- 
perature, a  portion  of  the  water 
contained  in  the  cells  escapes  from 
them  and  becomes  frozen  on  their 
surface,  the  whole  tissue  at  the  same  time  contracting ;  the  water 
does  not  freeze  in  the  interior  of  the  cells.     The  water  which  has 


Fig.  467.— Transverse  section  of  a 
frozen  leaf-stalk  of  Cynara  Scolymus  .- 
e  the  detached  epidermis ;  g  the  paren- 
chyma in  which  lie  the  transverse 
sections  of  the  vascular  bundles  (left 
white) ;  K  K  the  incrustation  of  ice 
consisting  of  densely-crowded  prisms 
(the  cavities  of  the  ruptured  tissue 
are  left  black  in  the  figure). 
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thus  escaped  and  frozen  forms  an  incrustation  (Fig.  467),  con- 
sisting of  a  number  of  elongated  ice-crjstals  arranged  side  by 
side.  This  ice  is  very  pure,  for  the  substances  in  solution  in  the 
cell-sap  remain  behind  in  a  more  concentrated  form. 

It  has  been  ascertained  that  this  formation  of  ice  is,  in  itself, 
not  necessarily  fatal  in  all  cases.  If  the  frozen  part  be  slowly 
thawed,  the  cells  may  gradually  reabsorb  the  water,  and  so  return 
to  their  previous  normal  condition.  If,  however,  the  frozen  part 
be  rapidly  thawed,  the  cells  cannot  absorb  the  water  sufficiently 
rapidly ;  it  therefore  either  collects  in  the  intercellular  spaces, 
causing  discolouration  and  decay,  or  it  runs  off  and  evaporates,  so 
that  the  part  dries  up.  In  many  cases,  however,  slow  thawing 
does  not  ensure  immunity ;  for  instance,  the  leaves  of  the  Pump- 
kin or  the  Dahlia :  it  appears  that,  in  such  cases,  the  escape  of 
water  from  the  cell,  which  takes  place  at  the  time  of  freezing, 
causes  fatal  disorganisation  of  the  cells.  Again,  in  the  case  of 
long-continued  cold,  the  ice  formed  outside  the  cells  may  be 
gradually  removed  by  evaporation,  so  that  on  thawing,  the  water 
necessary  to  restore  the  normal  condition  of  the  cells  is  not  forth- 
coming. 

The  effect  on  the  trunks  of  trees  of  exposure  to  cold  is  to  cause 
radial  splits,  which  close  up  again  as  the  temperature  rises,  but 
which  actually  heal  only  in  the  cortex.  The  splitting  is  due  to 
the  unequal  contraction  of  the  wood,  which  is  greater  in  the 
external  more  watery  portion,  than  in  the  intei'ior. 

Light.  The  influence  of  light  may  be  considered  under  two 
heads  :  (1)  the  chemical  effects,  produced  for  the  most  part  by  the 
less  refrangible  rays  of  the  spectrum  ;  (2)  the  mechanical  effectSf 
produced  mainly  by  the  highly  refrangible  rays. 

The  most  conspicuous  chemical  effects  are  manifested  in  plants 
which  normally  contain  chlorophyll.     They  are  : — 

a.  The  formation  of  chlorophyll :  in  Phanerogams  the  colouring- 
matter  of  the  chloroplastids  cannot  acquire  its  green  hue  (except  in 
the  seedlings  of  Conifers  and  some  other  plants),  but  remains 
yellow  (etiolin),  unless  exposed  to  light  of  not  too  great  intensity. 
This  effect  is  not  confined  to  the  rays  of  low  refrangibility,  but 
is  produced  (with  equal  intensity  of  light)  also  by  those  of  high 
refrangibility.  The  formation  of  chlorophyll  is  also  dependent  on 
temperature,  and  will  not  take  place  if  it  be  too  low  ;  hence  the 
shoots  of  plants  developed  in  the  early  spring  remain  yellow  if 
the  weather  is  cold. 
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1).  The  assimilation  of  carbon  dioxide  by  the  chloroplasfcids  will 
only  take  place  in  the  presence  of  light  of  considerable  intensity ; 
it  is  especially  a  function  of  the  rays  of  low  refrangibility,  as  will 
be  subsequently  explained.  This  is  also  true  of  the  first  steps  in 
the  assimilation  of  mineral  nitrogenous  food  (nitrates). 

The  most  conspicuous  mechanical  effects,  exhibited  by  plants  of 
all  kinds  are  : — 

a.  The  paratonic  eff'ect.  All  parts  of  plants  grow  more  rapidly 
in  feeble  than  in  strong  light,  as  is  shown  by  the  excessive  length 
attained  by  the  shoots  of  plants  grown  in  the  dark  ;  hence,  light 
exercises  a  retarding  influence  on  the  rate  of  growth ;  it  likewise 
inhibits  the  spontaneous  movements  of  motile  leaves. 

h.  The  phototonic  effect.  Dorsiventral  leaves,  when  growing, 
generally  cease  to  grow,  and  when  motile,  lose  the  power  of  move- 
ment, if  long  kept  in  darkness  ;  but  they  soon  regain  the  power 
of  movement  on  being  again  exposed  to  light;  this  condition  of 
motility  induced  by  light  is  known  as  phototonus. 

c.  The  directive  eff'ect.  The  direction  of  the  incident  rays  of 
light  aifects  the  position  of  growing  and  other  motile  members  : 
these  phenomena  are  designated  by  the  general  term  heliotropism. 

The  various  influences  of  light  are  well  illustrated  by  plants 
grown  in  darkness,  or  etiolated  plants.  For  instance,  an  etiolated 
potato-shoot  has  a  stem  with  excessively  long  internodes,  a  I'esult 
of  the  absence  of  the  paratonic  effect  of  light ;  very  small  leaves, 
in  consequence  of  the  absence  of  the  phototonic  effect ;  no  chloro- 
phyll, in  consequence  of  the  absence  of  the  chemical  action  of 
light.  Etiolation  can,  however,  be  induced,  not  only  in  plants 
which  normally  possess  chlorophyll,  but  in  others  as  well ;  for 
instance,  Fungi  grown  in  darkness  exhibit  the  characteristic 
excessive  elongation.  Again,  plants  grown  in  light  of  low  re- 
frangibility (yellow  or  red)  show  the  elongation  characteristic  of 
etiolation  ;  chloroph^^ll  is  formed,  and  the  leaves  are  fairly  well 
developed,  but  there  is  no  heliotropic  curvature :  grown  in  light 
of  high  refrangibility  (blue),  the  stem  is  stunted  and  the  leaves 
veiy  small,  though  chlorophyll  is  developed,  and  heliotropic 
curvature  is  well  marked ;  they  soon  die. 

§  4.  The  Functions  of  the  Tissues.  In  dealing  with  this 
subject,  it  is  important  to  distinguish  between  the  vital  and  the 
physical  functions  ;  to  distinguish,  that  is,  the  functions  which 
depend  upon  the  activity  of  the  living  protoplasm,  from  those 
which  depend  upon  some  chemical  or  mechanical  property  of  the 
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cell-sap,  or  of  the  cell-wall,  of  the  constitaent  cells.  The  follow- 
ing remarks  apply  especially  to  the  terrestrial  hio^her  plants. 

a.  The  Tegumentary  Tissue  (see  pp.  132,  153),  whether  pri- 
mary (epidermis)  or  secondary  (periderm),  has  as  its  primary 
function  the  mechanical  protection  of  the  underlying  tissues  :  but 
it  has  the  further  functions  of  absorption  and  of  preventing 
excessive  transpiration. 

The  absorptive  function  is  confined  to  the  primary  tegumentary 
tissue  :  it  is  by  means  of  this  tissue  that  absorption  is  carried 
on  by  subterranean  roots,  either  with  or  without  root-hairs  (see 
pp.  154,  159),  as  also  by  the  general  surface  of  submerged  parts 
of  aquatic  plants  (p.  157). 

The  prevention  of  excessive  transpiration  is  effected  by  the 
more  or  less  well-marked  cnticularisation  of  the  walls  of  the 
epidermal  and  peridermal  cells  of  sub-aerial  parts.  Since  these 
walls,  though  more  or  less  pervious  to  gases,  are  almost  or 
altogether  impervious  to  watery  vapour,  the  watery  vapour 
evolved  in  the  interior  of  the  plant  has  to  escape  through  special 
apertures,  namely  the  stomata  and  the  lenticels  :  and  the  tran- 
spiration is  further  regulated  (see  p.  156)  by  the  opening  and 
closing  of  the  stomata.  The  importance  of  the  tegumentary  tissue 
in  preventing  desiccation  is  directly  established  by  the  fact  that 
parts  of  plants  deprived  of  their  tegumentary  tissue  quickly  dry 
up  :  and  indirectly,  by  the  relation  between  the  degree  of  develop- 
ment of  this  tissue  and  the  conditions  of  life  of  the  plant.  Thus, 
this  tissue  is  highly  developed  in  plants  which  grow  in  dry 
situations,  whereas  in  the  submerged  parts  of  aquatic  plants  it  is 
imperfectly  differentiated,  and  there  are  usually  no  stomata  or 
lenticels  ;  hence,  the  more  the  conditions  of  life  tend  to  promote 
transpiration,  the  more  highly-developed  is  the  tegumentary  tissue. 

The  epidermis  of  sub-aerial  parts  also  produces  hairs  of  various 
kinds.  The  function  of  these  is  often  secretory,  indicating  the 
importance  of  the  epidermis  as  a  glandular  tissue  (see  p.  14<2). 
But,  more  commonly,  they  are  purely  protective,  serving  to 
diminish  transpiration  and  radiation,  and  to  screen  the  chloi*ophyll 
from  too  intense  light.  A  clothing  of  hairs  is  characteristic  of 
xerophilous  plants  ;  plants,  that  is,  which  habitually  grow  in  di-y 
soil  and  sunny  situations. 

The  primary  tegumentary  tissue  is  also  of  importance  in  con- 
nection with  reproduction,  as  it  sometimes  gives  rise  to  repro- 
ductive organs  {e.g.  sporangia  of  Leptosporangiate  Filicina?). 
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h.  The  ParencJiymatoti.^  Tissue  (see  p.  131),  consisting  as  it 
typically  does  of  cells  which  contain  living  protoplasm,  is  the 
seat,  not  only  of  the  metabolic  processes,  but  also  of  the  movements 
and  irritability  of  plants. 

Different  nutritive  functions  are  discharged  by  various  regions 
of  this  tissue.  For  instance,  the  pai'enchymatous  tissue  of  sub- 
aerial  parts,  lying  near  the  surface  and  exposed  to  light,  contains 
chlorophyll,  and  carries  on  the  assimilation  of  carbon  :  this  applies 
especially  to  the  leaves.  Again,  the  cells  of  this  tissue  are 
frequently  glandular  (see  p.  137),  containing  or  excreting  various 
Avaste-products :  or  they  serve  as  depositoi'ies  of  reserve  plastic 
substances  (e.g.  starch,  etc.),  or  as  conducting-tissue  for  organic 
substances. 

It  may  also  be  pointed  out  that  this  tissue  is  connected  with 
the  reproductive  processes  in  that  the  reproductive  organs  (e.g. 
hypodermal  archesporium  of  most  plants)  are  developed  from  it 
in  part. 

.  1  Tirther,  the  cells  of  this  tissue,  having  usually  extensible 
walls,  are  capable  of  being  turgid  and  of  varying  in  bulk :  hence 
they  are  the  seat  of  the  movements  of  those  members,  or  parts  of 
them,  in  which  movement  is  a  mechanical  possibility  ;  and  when 
turgid,  they  give  a  considerable  degree  of  rigidity  to  the  member 
of  which  they  form  part. 

The  intercellular  spaces  of  this  tissue,  which  are  especially 
large  in  submerged  parts  of  aquatic  plants,  are  of  great  im- 
portance in  connexion  with  transpiration  and  the  distribution  of 
gases  in  the  plant :  they  communicate  with  the  exterior  by  means 
of  the  stomata  and  the  lenticels. 

c.  The  Sclerenchymatous  Tissue  (see  p.  132),  more  especially  the 
prosenchymatous  or  fibrous  form  of  it,  has  the  purely  mechanical 
function  of  giving  firmness  to  the  members  in  which  it  is  present. 
Whilst  it  is  true  that  a  considerable  degree  of  rigidity  is  afforded 
by  turgid  parenchymatous  tissue,  and  that  many  members  con- 
taining little  or  no  sclerenchymatous  tissue  can  grow  erect  (e.g. 
gonidiophores  of  moulds,  and  succulent  stems  of  herbaceous 
annuals),  yet  this  source  of  rigidity  is  precarious,  as  it  is  so  largely 
dependent  upon  external  conditions,  and  is  therefore  insufficient 
in  the  case  of  perennial  plants.  In  these  plants  rigid  tissue 
(stereom ;  see  p.  133)  is  developed,  and  it  is  distributed  in  the 
body  in  just  such  a  manner  as  most  adequately  meets  the 
mechanical  requirements  in  each  particular  case  (p.  170).    Stereom 


CHAFTKR    I. — GENERAL    PHYSIOLOGY.  677 

is  most  perfectly  developed  in  the  stems  of  land-plants  which 
grow  erect  and  have  to  support  the  weight  of  many  leaves  and 
branches :  whereas  in  water-plants  the  development  of  stereom 
is  rudimentary,  for  their  stems,  being  supported  by  the  water,  do 
not  need  to  be  highly  rigid. 

When  it  is  developed  in  the  walls  of  fruits  or  in  the  seed- 
coats,  the  sclerenchymatous  tissue  serves  to  protect  the  seed  from 
being  eaten  or  digested  by  animals. 

d.  The  Tracheal  Tissue  of  the  Xylem  (see  p.  133).  It  is  clear 
that  when  a  plant-body  is  massive,  partly  subterranean  and  partly 
subaerial,  there  must  be  some  means  for  readily  distributing  the 
water  and  other  substances  absorbed  by  the  root.  This  dis- 
tribution may  take  place  by  diffusion  from  cell  to  cell ;  and,  as  a 
matter  of  fact,  this  mode  of  distribution  suffices  in  some  plants  in 
which  the  seat  of  absorption  is  not  far  from  that  of  consumption 
(e.g.  larger  Fungi  and  Algae).  But  when  these  points  are  widely 
separated,  special  conducting-tissue,  in  the  form  of  the  tracheal 
tissue  of  the  xylem,  is  differentiated. 

The  function  of  this  tracheal  tissue  is  demonstrated  by  the 
following  experiment.  If  a  cut  be  made  all  round  the  stem  of  a 
dicotyledonous  tree,  to  such  a  depth  as  to  penetrate  far  into  the 
xylem,  the  effect  is  that  the  leaves  borne  on  the  stem  and  its 
branches  above  the  incision  will  soon  droop  and  wither.  This  is 
due  to  loss  of  water,  in  consequence  of  which  the  cells  of  the 
leaves  lose  their  turgidity,  and  the  leaf-blades  and  petioles  are  no 
longer  sufficiently  rigid  to  maintain  their  position  of  expansion. 
The  loss  of  water  is  the  result  of  the  continuance  of  transpiration 
in  the  absence  of  a  supply  of  water  to  meet  it.  The  incision 
which  has  destroyed  the  continuity  of  the  wood  has  also  cut  off 
the  supply  of  water  from  the  root.  The  relation  between  the 
development  of  the  xylem  and  the  activity  of  transpiration  is  well 
illustrated  by  the  comparison  of  the  vascular  bundles  of  a  land- 
plant  with  those  of  an  allied  submerged  aquatic  species.  The 
former  transpires  actively  and  has  well-developed  xylem  :  the 
latter  does  not  transpire  at  all,  and  has  quite  rudimentary  xylem. 

Conduction  takes  place  in  dicotyledonous  tree-trunks  only 
through  so  much  of  the  peripheral  portion  of  the  wood  as  includes 
living  parenchymatous  cells.  The  thickness  of  this  conducting 
region  varies  widely ;  it  is  relatively  small  where  the  wood  is 
sharply  differentiated  into  alburnum  and  duramen  (see  p.  199), 
and    in  such    trees  (e.g.   Oak)    section   of  the  alburnum  is  soon 
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followed  by  the  withering  of  the  leaves  above  the  wound  ;  it  is 
more  considerable  in  trees  like  the  Beech,  in  w^hich  the  transition 
from  alburnum  to  duramen  is  gradual ;  and  it  is  most  extensive  in 
those,  such  as  Birch  and  Maple,  in  which  there  is  no  differentiation 
of  alburnum  and  duramen.  The  dead  portion  of  the  wood  does 
not  conduct,  but  at  most  only  serves  as  a  reservoir  of  water. 

The  tracheal  tissue  of  the  xylem  discharges  a  purely  mechanical 
function  in  connexion  with  the  conduction  of  water ;  it  is  in- 
capable of  any  vital  action  inasmuch  as  it  contains  no  protoplasm. 

A  fundamental  anatomical  fact  connected  with  the  conduction, 
of  liquids  by  the  wood  is  that  the  functional  tracheal  tissue  is 
destitute  of  intercellular  spaces,  and  is,  in  fact,  shut  off  from  all 
communication  with  the  external  air.  This  occlusion  is  ensured, 
generally  speaking,  by  the  endodermis  (p.  165);  but  in  stems 
and  roots  which  have  grown  in  thickness,  and  in  which  the 
endodermis  has  been  disorganised  or  thrown  off,  the  compact 
bast-tissue  replaces  it  functionally. 

The  liquid  conducted  from  the  roots  to  the  leaves  by  the 
tracheal  tissue  is  not  pure  water,  but  holds  in  solution  substances 
absorbed  by  the  roots  from  the  soil ;  hence  this  tissue  plays  an 
important  part  in  the  disti'ibution  of  food-materials  in  the  plant. 

e.  The  Sieve-Tissue  (see  p.  135).  The  function  of  the  sieve- 
tubes  or  phloem-vessels  is  to  convey  proteids  from  the  organs  in 
which  these  substances  are  deposited  or  are  being  formed,  to  other 
parts  in  which  they  are  either  being  consumed  or  deposited  as 
reserve  plastic  material.  This  is  demonstrated  by  the  following 
experiment : — If  a  ring  of  tissue,  extending  inwards  as  far  as  the 
cambium,  be  removed  from  the  trunk  of  a  young  dicotyledonous 
tree,  the  sieve-tubes  will  all  be  cut  through,  and  their  continuity 
interrupted.  The  effect  of  this  upon  the  tree  is  that  the  portion 
of  the  trunk  below  the  wound,  and  the  roots,  cease  to  grow  and 
slowly  die,  whereas  the  trunk  and  branches  above  the  wound 
remain  healthy  and  continue  to  grow  until  the  roots  are  no  longer 
able  to  absorb  water,  etc.,  from  the  soil  with  sufficient  activity. 
Inasmuch  as  the  cortical  tissue,  through  which  the  sugar  travels, 
is  necessarily  also  cut  through,  the  operation  deprives  the  lower 
parts  of  the  body  of  the  whole  of  their  supply  of  organic  plastic 
material  from  the  leaves,  but  does  not  interfere  with  the  conduc- 
tion of  water  from  the  roots  to  the  leaves. 

The  sieve-tubes  differ  from  the  vessels  of  the  xylem  in  that 
they   contain     living    protoplasm ;    their   function    is     therefore 
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probably  not  purely  mechanical,  but  it  is  vital,  though  the 
relation  of  the  protoplasm  to  the  conduction  of  proteids  in  the 
sieve-tubes  is  not  clear. 

The  companion-cells,  and  in  their  absence  the  cells  of  the  bast- 
parenchyma  (p.  180),  which  abut  on  the  sieve-tubes,  apparently 
serve  in  the  leaves  as  the  means  by  which  the  nitrogenous 
products  of  anabolism  are  brought  to  the  sieve-tubes,  and  in  other 
parts  as  the  means  by  which  the  proteids  of  the  sieve-tubes  are 
distributed  to  the  adjacent  tissues ;  there  is  some  evidence  to 
show  that  these  cells  themselves  actually  carry  on  the  formation 
of  the  proteids  which  form  the  characteristic  contents  of  the  sieve- 
tubes. 

In  certain  cases  (e.g.  Mimosa  pndica)  some  of  the  parenchymatous  cells  of  the 
bast  are  specially  modified  apparently  for  the  conduction  of  stimuli, 

/.  The  Glandular  Tissue.  The  essential  function  of  the  glandular 
tissue  is  to  secrete,  and  the  secreta  are  either  plastic  substances 
or  waste- prod  acts. 

It  may  be  stated  generally  that  the  excretion  of  plastic  sub- 
stances on  the  surface  of  plants  has  special  reference  to  their 
relation  with  insects.  Thus,  the  excretion  of  sugar  by  floral 
nectaries  is  to  attract  insects  to  visit  the  flowers,  and  thus  to 
ensure  the  advantages  of  cross-pollination  at  a  certain,  though 
relatively  inconsiderable,  cost.  The  excretion  of  sugar  by  extra- 
floral  nectaries  (p.  138)  is  an  expense  incurred  by  the  plant  with 
the  object  of  attracting  to  it  insects  of  a  kind  which  will  keep 
off  noxious  insects  or  other  animals ;  these  organs  are  especially 
characteristic  of  myrmecophUous  (ant-loving)  plants,  which  by  this 
means  provide  themselves  with  a  police  of  ants  to  keep  off  either 
other  injurious  (e.g.  leaf-cutting)  species  of  ants,  or  insects  of 
other  kinds  (e.g.  boring  bees,  etc.),  or  even  herbivorous  mammals. 
Perhaps  the  most  remarkable  instances  of  this  kind  is  the  pro- 
dnction  of  small,  solid,  cellular  "  food-bodies  "  on  the  tips  of  the 
leaf-pinnules  of  a  myrmecophilous  species  of  Acacia  (A.  sphoiro- 
cephala). 

The  secretion  of  waste-products  has,  as  its  immediate  object, 
the  removal  of  these  substances  from  the  sphere  of  metabolism  ; 
but  their  deposit  at  or  near  the  sui-face  serves  the  purpose  of 
protection  in  various  ways.  For  instance,  the  secretion  of  wax  on 
the  surface  is  an  obvious  protection  against  wet.  Similarly  there 
can  be  little  doubt  that  when  the  system  of  resin-ducts,  in  plants 
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which  contain  them  {e.g.  most  Conifers,  etc.),  is  opened  by  a 
wound,  the  resin  serves  to  protect  the  raw  surface  both  mechani- 
cally arid  antiseptically ;  and  this  doubtless  also  applies  to  the 
lat^ex  present  in  many  plants.  Further,  these  waste-products,  by 
their  bitter,  acrid,  or  astringent  taste,  by  their  frequently  poisonous 
properties  {e.g.  alkaloids),  or  by  their  hardness,  serve  to  protect 
the  plants  from  being  eaten  by  animals  ;  for  instance,  the  pre- 
sence of  raphides,  or  of  strongly  acid  sap,  in  the  cells  of  leaves, 
etc.,  has  been  proved  to  protect  them  against  the  attacks  of  snails. 
The  secretion  of  mucilage  by  the  glandular  hairs  (colleters)  often- 
developed  near  the  growing-points  of  stems  and  leaves,  serves  to 
keep  the  young  tissues  moist. 

The  special  functional  importance  of  the  laticiferous  tissue  is 
not  fully  understood.  There  is  no  doubt  that  it  is,  in  the  first 
place,  a  reservoir  of  waste-products,  since  the  latex  generally 
consists  largely  of  such  substances  {e.g.  caoutchouc,  as  in  Siphonia 
elastica  ;  alkaloids,  as  in  the  opium  of  the  Poppy,  etc.).  But  the 
latex  has  also  been  found  to  contain  plastic  substances,  such  as 
proteids  and  carbohydrates,  and  in  one  case  (the  Papaw,  see  p.  627) 
a  proteolytic  ferment,  and  it  has  hence  been  inferred  that  this 
tissue  may  serve  to  conduct  plastic  substances  throughout  the 
plant ;  but  this  inference  has  not  been  satisfactorily  established. 

§  5.  The  Functions  of  the  Members.  It  has  been  pointed 
out  (p.  6)  that,  in  its  highest  development,  the  plant-body  consists 
of  the  following  members  :  root,  stem,  leaf.  These  members  will 
now  be  considered  from  the  physiological  point  of  view. 

a.  The  Root.  The  most  general  of  the  functions  of  the  root  is 
that  it  absorbs  the  solid  food  of  the  plant  in  solution  from  the 
substratum,  whatever  it  may  be,  on  which  the  plant  is  growing  ; 
and  that,  at  the  same  time,  it  acts  as  an  organ  of  attachment :  in 
submerged  plants  the  latter  is  its  main  use. 

In  some  few  cases  the  plant  is  rootless  (p.  63) :  under  these  circumstances 
other  members  become  modified  to  perform  the  absorbent  function  of  the  root  ; 
in  Salvinia,  the  aquatic  leaves  ;  in  Psilotuni,  the  subterranean  shoots.  In  the 
"carnivorous"  plants  {e.g.  Drosera,  Diontea,  Nepenthes),  though  tbey  possess 
roots,  the  leaves  are  adapted  for  the  absorption  of  organic  food  in  solution. 

In  a  typical  land-plant  the  development  of  the  root-system  is 
such  as  to  ensure  an  adequate  supply  of  food  from  the  soil,  and  a 
supply  of  water  sufficient  to  maintain  the  general  turgidity  of  the 
plant  in  spite  of  continued  loss  of  water  by  transpiration. 

The  root  of  such  a  plant  is  adapted  for  the  performance  of  its 
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functions  both  in  its  structure  and  in  its  properties.  The  most 
striking  structural  adaptation  is  that  the  walls  of  the  superficial 
cells  of  the  younger  parts  are  not  cuticularised,  but  remain  per- 
vious to  water.  Generally  speaking,  the  absorbent  area  of  the 
root  is  increased  by  branching ;  and,  in  many  cases,  also  by  the 
growing-out  of  the  superficial  cells  of  this  region  into  root-hairs 
(see  p.  159).  It  appears  that  the  development  of  root-hairs  is  de- 
termined by  the  difficulty  of  obtaining  water,  on  the  one  hand, 


he] 


w 


Fig.  468.— X  Root-hairs  (h)  on  the  primary  root  (u-)  of  a  seedling,  grown  in  water,  of 
Buckwheat  (Poh/goiiHTU  Fnj/opt/riOii);  ?ic  hypocotyl;  ccotyledons.  iJ  (after  Sachs)  Ends  of 
root-hairs  showing  their  intimate  connexion  with  particles  of  soil  which  adhere  to  the 
mucilaginous  external  layer  of  the  cell-walls. 

and  by  the  relative  activity  of  transpiration  on  the  other :  thus 
root-hairs  are  usually  not  developed  by  aquatic  plants,  the  roots  of 
which,  at  least,  are  habitually  immersed  in  water;  nor  by  plants 
in  which  the  transpiring  surface  is  relatively  small  in  proportion 
to  the  root-system  (e.g.  small-leaved  Conifers ;  saprophytes,  such 
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as  Monotropa  and  Neottia).  The  root-hairs  not  only  promote  the 
absorption  of  water,  but  also  the  absorption  of  salts  from  the  soil, 
coming,  as  they  do,  into  very  intimate  relation  with  the  minute 
particles  of  the  soil.  They  thus  give  the  root  a  firmer  hold  on  the 
soil,  and  render  it  more  serviceable  as  an  organ  of  attachment. 

Roots  are  capable  of  absorbing  certain  substances  in  the  soil 
which  are  insoluble  in  water,  or  even  in  water  holding  carbon 
dioxide  in  solution.  This  is  due  to  the  fact  that  the  absorbent  cells 
(including  root-hairs)  contain  acid  sap,  which  saturates  the  walls, 
and  can  thus  act  upon  substances  with  which  the  cells  may  be  in 
contact. 

The  tegumentary  tissue  of  aerial  roots  is  specially  modified  in 
accordance  with  their  external  conditions.  They  have  no  root- 
hairs  (except  when  they  come  into  contact  with  a  moist  surface), 
but  they  have  a  more  or  less  well-developed  velamen  (see  p.  155)? 
which  serves  as  a  means  of  absorbing  water- vapour  and  gases  from 
the  air.  Sometimes  these  roots  contain  chlorophyll,  and  act  as 
assimilatory  organs  :  this  is  also  the  case  to  a  remarkable  degree 
with  the  roots  of  the  (aquatic)  Podostemaceae  (see  p.  63). 

The  primary  internal  structure  of  the  root  is  remarkably  con- 
stant through  all  the  various  groups  of  plants.  It  is  always  mono- 
stelic  with  the  vascular  bundles  compacted  into  an  axial  cylinder 
(p.  171):  between  the  axial  cylinder  and  the  epiblema  is  a  con- 
siderable parenchymatous  cortex,  the  cells  of  which  take  up  from 
the  absorbent  cells  the  water  and  substances  absorbed,  and  transfer 
them  to  the  tracheal  tissue  of  the  bundles  for  conduction  to  the 
upper  parts  of  the  plant. 

The  growing-point  is  usually  provided  with  a  root-cap  (pp.  61, 
154)  to  protect  it  as  it  makes  its  way  through  the  soil. 

In  many  cases  the  root  becomes  adapted  to  serve  as  a  depository 
of  reserve  plastic  materials :  such  are  the  tuberous  roots  (p.  63)  of 
various  plants,  in  which  secondary  growth  in  thickness  (see  p.  105) 
produces  a  large  amount  of  parenchymatous  tissue,  in  the  cells  of 
which  the  plastic  substances  (starch,  etc.)  are  deposited. 

The  physiological  adaptation  of  the  root  is  even  more  remark- 
able in  its  properties  than  in  its  structure,  as  is  shown  by  its 
irritability  to  the  action  of  various  stimuli.  Thus  the  action  of 
the  force  of  gravity  causes  roots  (at  least  primary  roots)  to  grow 
towards  the  centre  of  the  earth  (positive  geotropism)  :  the  action  of 
light,  as  a  rule,  causes  the  growing  root  to  curve  away  from  the 
source  of  light  (negative  heliotropism)  :  a  moist  body  causes  the 
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root  to  curve  towards  it  (positive  hydrotropism)  :  contact  with  hard 
substances  produces  curvatures  by  which  the  direction  of  growth 
of  the  root  is  altered. 

These  various  kinds  of  irritability  are  of  great  importance  in 
ensuring  the  due  performance  of  its  functions  by  the  subterranean 
root.  Positive  geotropism  causes  it  to  penetrate  into  the  soil,  and 
this  is  also  promoted  by  negative  heliotropism :  positive  hydro- 
tropism causes  it  to  grow  towards  the  moister  parts  of  the  soil, 
and  thus  tends  to  ensure  an  adequate  supply  of  water.  Its  sen- 
sitiveness to  contact  enables  the  root  to  get  round  obstacles  which 
it  may  meet  with  in  the  soil.  Similar  phenomena  of  irritability 
are  exhibited  by  aerial  roots,  but  with  various  modifications  in 
accordance  with  the  widely  different  conditions. 

b.  The  Stem.  The  function  of  the  stem  is  essentially  this  :  to 
bear  the  foliage-leaves  and  the  reproductive  organs,  and  to  bear 
them  in  such  a  way  that  they  shall  occupy  the  most  favourable  posi- 
tion for  the  performance  of  their  respective  functions.  Further,  it 
is  the  means  of  communication  between  the  roots  and  the  leaves. 
Occasionally  it  is  specially  modified  to  subserve  other  functions. 

It  has  been  already  pointed  out  that  the  form  of  the  stem  varies 
widely  in  plants,  and  the  most  characteristic  forms  have  been 
described  (pp.  40,  44).  The  general  physiological  meaning  of  this 
variety  of  form  is  that  different  plants  attain  the  most  favourable 
position  of  their  foliage-leaves  and  reproductive  organs  in  differ- 
ent ways  which  depend  upon  the  particular  combination  of  ex- 
ternal conditions  under  which  they  severally  have  existed. 

The  internal  structure  of  the  stem  varies  to  some  extent  with 
its  general  habit,  and  mainly  in  the  arrangement  and  relative 
degree  of  development  of  the  sclerenchyma ;  thus,  the  scleren- 
chyma  is  more  largely  developed  in  an  erect  than  in  a  trailing 
perennial  stem. 

The  arrangement  of  the  vascular  tissue,  however,  depends 
essentially,  at  least  in  all  those  plants  which  have  common 
bundles,  upon  the  arrangement  of  the  leaves.  In  stems  having 
cauline  bundles  (p.  171)  there  is  a  more  or  less  marked  aggrega- 
tion of  the  bundles  towards  the  centre,  so  as  to  lead  to  the 
formation  of  an  axial  va.scular  cylinder,  as  in  roots;  this  is  espe- 
cially marked  in  stems  bearing  small  leaves,  as  in  Lycopodium. 

There  is  one  point  in  connexion  with  the  relation  of  the  vascu- 
lar tissue  to  the  leaves  which  requires  more  special  consideration. 
It  has  been  pointed  out  (p.  191)  that  vascular  tissue  is  formed 


C)84i  PART    IV. — THE    PHYSIOLOGY   OF    PLANTS. 

secondarily  in  the  stems  (and  roots)  of  most  Dicotyledons  and 
Gymnosperms,  whereas  it  is  not  so  formed,  in  those  of  most  Mono- 
cotyledons and  Vascalar  Cryptogams.  A  consideration  of  the 
general  habit  of  the  plants  in  question  at  once  affords  a  clue  to 
this  remarkable  diversity.  In  the  plants  of  the  former  groups, 
the  stem,  as  a  rule,  branches  considerably,  and  consequently  there 
is  every  year  an  increase  in  the  area  of  the  leaf-surface  of  the 
plant ;  whereas  in  the  plants  of  the  latter  groups,  the  stem 
branches  but  little  if  at  all,  and  the  area  of  leaf-surface  remains 
approximately  constant  in  the  adult  plant.  It  is  clear  that,  in 
the  former  case,  the  increase  of  leaf-surface  necessitates  an  increase 
in  the  conducting  vascular  tissue,  a  demand  which  is  met  by  the 
annual  formation  of  an  ever- widening  ring  of  vascular  tissue 
by  the  cambium.  Hence,  in  a  plant  of  this  kind,  the  vascular 
bundles  xn.  the  leaves  of  any  one  year  are  continuous,  in  the  stem, 
with  the  new  vascular  tissue  formed  in  that  year  by  the  cambium. 

Stems  may  be  specially  modified  both  in  external  form  and 
internal  structure  for  the  performance  of  special  functions.  Thus 
in  leafless  plants  the  stem  or  its  branches  may  become  phylloid  ; 
that  is,  it  may  assume  a  flattened,  leaf-like  appearance  (p.  44). 
The  cortical  ground-tissue  of  the  stems  of  such  plants  resembles 
the  mesophyll  of  foliage-leaves,  not  only  in  that  the  cells  contain 
chlorophyll-corpuscles  in  abundance,  but  also  in  the  more  or  less 
complete  differentiation  of  a  superficial  palisade-layer  from  a 
more  deeply  placed  spongy  tissue.  The  reduction  of  the  foliage- 
leaves  and  the  compensating  development  of  the  stem  is  a  charac- 
teristic of  many  xerophilous  plants :  under  these  circumstances 
the  stem  generally  becomes  succulent  (as  in  Cactaceae,  p.  628,  and 
some  Euphorbiacese)  owing  to  the  development  of  a  large  amount 
of  parenchymatous  tissue. 

Again,  stems  may  be  specially  modified  to  serve  as  depositories 
of  reserve  materials  (e  g.  tubers  of  potato),  or  of  water  (e.g.  stems 
of  Cactaceae),  when  they  are  much  thickened  by  the  development 
of  a  large  quantity  of  parenchymatous  ground-tissue,  in  the  cells 
of  which  the  water  or  the  reserve-materials  are  deposited.  Or 
they  may  be  developed  into  thorns  (p.  44)  as  a  protection  against 
being  eaten. 

The  special  physiological  properties  of  stems  by  which  they 
assist  in  placing  the  foliage-leaves  and  reproductive  organs  in  the 
most  favourable  position,  are  their  various  kinds  of  irritability  to 
the  action  of  external  stimuli. 
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The  physiological  adaptation  of  stems  is  such  that  the  move- 
ments which  they  perform  in  response  to  the  action  of  external 
stimuli  are  always  such  as  shall  place  the  foliage-leaves  and  the 
reproductive  organs  in  the  most  favourable  position.  Some  stems, 
for  instance,  grow  away  from  the  centre  of  the  earth  (negative 
geoti-opism)  and  towards  the  light  (positive  heliotropism) ;  these 
stems  consequently  grow  up  into  the  air,  and  take  up  such  a 
position  with  regard  to  the  direction  of  the  incident  rays  of  light 
that  the  leaves  may  be  adequately  exposed  to  them.  Others, 
again,  grow  horizontally  under  the  influence  of  gravity  (diageo- 
tropism)  and  of  light  (diaheliotropism),  and  in  this  way  spread 
oat  their  leaves  to  the  sun's  rays. 

In  some  cases  stems  which  tend  to  grow  erect  into  the  air  are 
unable  to  do  so  in  consequence  of  being  insufficiently  rigid  to 
maintain  their  own  weight,  and  that  of  their  leaves,  etc.  Such 
stems  are  enabled  to  obtain  the  necessary  support  by  becoming 
attached  to  foreign  bodies,  such  as  other  plants,  rocks,  etc.  This 
attachment  is  sometimes  purely  accidental,  as  in  the  case  of  the 
hook-climhers,  such  as  the  Bramble,  where  the  stem  is  covered  with 
prickles  which  become  fixed  as  the  swaying  shoot  is  blown  about 
by  the  wind.  But  in  other  cases  the  attachment  is  the  result  of 
the  mode  of  growth  of  the  stem  or  its  branches,  in  virtue  of  which 
they  twine  round  any  suitable  foreign  body  with  which  they  may 
come  in  contact.  In  some  cases  the  stem  and  its  branches  are 
sensitive  to  contact,  e.g.  Dodder  ;  in  others,  this  sensitiveness  is 
restricted  to  certain  specially  modified  branches,  termed  tendrils 
(see  p.  43,  e.g.  Vitis,  Passiflora),  and  it  is  possessed  by  them  in  a 
very  high  degree. 

c.  The  Leaf.  In  the  discussion  of  the  morphology  of  the  leaf  it 
was  pointed  out  that  the  forms  of  leaves  are  very  various ;  so 
much  so  that  it  was  necessary  to  classify  them  into  a  number  of 
categories.  Each  of  these  will  now  be  briefly  considered  with 
regard  to  its  functions. 

(1).  Foliage-leaves.  It  may  be  stated  generally  with  reference 
to  land-plants,  that  the  two  great  functions  subserved  by  the  leaf 
are,  first,  the  construction  of  organic  substance  from  the  raw 
materials  of  the  food;  and  second,  the  exhalation  of  watery  vapoui', 
or  transpiration. 

The  internal  structure  of  the  leaf  is  in  direct  relation  to  these 
two  functions  (see  p.  1G2).  The  particular  significance  of  the 
form  and  arrangement  of  the  cells  of  the  raesophjll  is  made  clear 
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by  the  following  considerations.  The  palisade-layers  occur 
always,  beneath  the  epidermis,  at  those  surfaces  which  are  directly 
exposed  to  the  sun's  rays.  Further,  if  a  plant  which,  when  grown 
exposed  to  sunlight,  has  well-marked  palisade- layers  in  its  leaves, 
be  grown  in  the  shade,  it  will  be  found  that  the  palisade-layers 
are  imperfectly  differentiated,  even  if  they  can  be  detected  at  all. 
The  development  of  the  palisade-layers  is  clearly  a  peculiarity  of 
leaves  which  are  exposed  to  sunlight.  One  explanation  is  this, 
that  bright  light  not  only  promotes  the  assimilatory  function,  but 
also  promotes  the  oxidation  and  decomposition  of  the  chlorophyll." 
The  palisade-tissue  affords  a  means  of  protection  from  the  latter 
effect.  When  a  leaf-surface  is  exposed  to  diffuse  daylight,  the 
position  of  the  chlorophyll-corpuscles  in  the  palisade-cells  is  such 
as  to  expose  them  as  fully  as  possible  to  the  light ;  they  are  dis- 
posed on  the  surface-walls,  both  upper  and  lower,  of  the  palisade- 
cells  {ep i strophe) .     When,    however,  diffuse  daylight  is   replaced 

by  direct  sunlight,  the 
position  of  the  corpuscles 
is  changed  (see  Fig.  469) 
so  that  their  margin,  and 
not  their  surface,  is  pre- 
sented to  the  sun's  rays  ; 
they  are  removed  to  the 
lateral  walls  and  towards 
the  inner  end  of  the  cell 
(apostrophe).  It  is  clear 
that  the  elongated  form 
of  the  cells  facilitates 
this  withdrawal  of  the 
corpuscles  from  too  in- 
tense light,  to  light  of  a 
degree  of  intensity  which 
promotes  the  assimilatory  function  to  the  utmost  extent  compatible 
with  a  due  economy  of  the  chlorophyll. 

The  spongy  portion  of  the  mesophyll  is  the  tissue  especially 
adapted  to  the  transpiratory  function.  By  means  of  the  large 
intercellular  spaces  which  form  a  system  of  channels  throughout 
this  tissue  communicating  with  the  external  air  by  means  of  the 
stomata,  a  very  large  cell-surface,  from  which  transpiration  can 
readily  take  place,  is  brought  into  direct  relation  with  the  external 
air.     Transpiration  takes    place   from   the   cells   of    the  spongy 


Fig.  469.— (After  Stahl).  Sections  of  the  phylloid 
stem  of  Lemna  trisulca,  illustrating  epistrophe  and 
apostrophe  of  the  chloroplastids :  A  position  in  dif- 
ftise  daylight  (epistrophe);  B  position  in  intense 
sunlight  (apostrophe). 
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mesophyll  into  the   intercellular  spaoes,  and  the  watery   vapour 
then  escapes  from  the  leaf  by  the  stomata. 

A  brief  consideration  of  the  pecuUarities  of  the  leaves  of  aquatic  plants  will 
further  establish  these  points.  The  characteristic  feature  of  submerged  leaves 
is  that  they  are  very  much  divided,  and  consequently  present  a  relatively 
large  surface  by  which  they  can  absorb  carbon  dioxide  and  oxygen,  as  well  as 
salts,  from  the  water.  The  mesophyll  of  these  leaves  is  not  differentiated 
into  palisade-tissue  or  spongy  tissue;  for,  in  the  first  place,  the  light  to  which 
these  leaves  are  exposed  is  not  intense,  and,  in  the  second,  they  do  not  tran- 
spire. A  peculiar  feature  of  these  leaves  is  that  the  chlorophyll-corpuscles 
are  contained  principally  in  the  epidermal  cells.  Floating  leaves,  on  the  other 
hand,  usually  have  broad  oval  or  rounded  laminre,  a  form  which  is  evidently 
favourable  to  the  retention  of  their  position  on  the  surface  of  the  water.  The 
epidermis  of  the  upper  surface  is  well-developed  and  possesses  stomata  ;  whereas 
the  walls  of  the  epidermal  cells  of  the  lower  surface  are  thin  and  uncuti- 
cularised,  so  that  they  can  absorb  water  and  substances  in  solution,  and  there 
are  no  stomata.  The  mesophyll  is  differentiated  into  palisade  and  spongy 
tissue.  The  palisade-layers  are  arranged  in  the  characteristic  fashion  towards 
the  upper  surface  of  the  leaf ;  and  commonly  there  lies  between  the  superior 
epidermis  and  the  palisade-tissue,  a  layer  of  atyi^pus  tissue  which  serves  to 
protect  the  chlorophyll  of  the  latter  from  exposure  to  too  intense  light. 
Towards  the  lower  surface,  the  mesophyll  is  channelled  by  Urge  intercellular 
spaces,  the  use  of  which  is  to  facilitate  the  aeration  of  the  plant. 

The  foregoing  consideration  of  the  anatomy  of  these  three  types 
of  foliage-leaves  leads  to  the  conclusion  that  the  spongy  tissue 
of  the  mesophyll  is  that  in  which  both  the  assimilatory  and  the 
transpiratory  processes  can  be  most  satisfactorily  carried  on  ;  that, 
in  fact,  the  amount  of  spongy  mesophyll  in  a  leaf  may  be  taken  as 
an  indication  of  the  degree  of  its  physiological  activity.  Clearly 
the  close  arrangement  of  the  cells  in  the  palisade-tissue  is  not  so 
favourable  for  the  absorption  of  carbon  dioxide  or  for  the  exha- 
lation of  watery  vapour,  as  is  the  loose  arrangement  of  the  cells  in 
the  spongy  tissue.  The  palisade-tissue  is  transpiratory  and  assi- 
milatoiy  tissue  so  adapted  for  action  in  intense  light,  that  trans- 
piration is  diminished,  and  protection  is  afforded  not  only  to  the 
chlorophyll  in  its  own  cells,  but  also  to  that  in  the  cells  of  the 
tissue  which  it  covers. 

In  many  xerophilous  plants,  more  or  less  of  the  mesophyll 
may  be  destitute  of  chlorophyll,  the  cells  containing  much 
watery  sap  (see  p.  164),  so  that  the  leaf  serves  as  a  reservoir  of 
water. 

Leaves  are  adapted  not  only  structurally,  but  also  by  their 
irritabilities,  to  the  performances  of  their  functions.      They  are 
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sensitive  to  the  directive  action  of  light  and  of  gravity  and,  in 
the  course  of  their  growth  they  take  np  a  definite  position 
termed,  on  account  of  the  predominating  influence  of  light  in 
determining  it,  the  fixed  light-jposition.  The  response  of  the  dor- 
siventral  leaf  to  the  directive  action  of  gravity,  is  generally  one 
of  diageotropism,  that  is  it  places  its  blade  horizontal,  with  the 
ventral  surface  uppermost ;  and  similarly,  its  response  to  light  is 
to  expose  the  upper  surface  of  its  blade  at  right  angles  to  the 
direction  of  the  incident  rays  (diaheUotropism) .  The  response  of 
the  isobilateral  and  of  the  radial  leaf  to  the  action  of  gravity  is  one 


Fig.  470  (after  Darwin).— Shoots  of  Dosmodium  gyrans,  with  trifoliolate  leaves :  A  leaves 
in  diurnal  poaition;  B  in  nocturnal  position. 

of  negative  geotropism,  so  that  they  grow  erect ;  and  to  light,  one 
of  positive  heliotropism,  as  they  tend  to  direct  their  apices  towards 
the  source  of  light. 

Changes  in  the  external  conditions  act  as  stimuli,  which,  in  many 
cases,  induce  a  movement  of  the  foliage-leaves  involving  change 
of  position :  most  frequently  these  movements  are  performed 
by  growing  leaves,  but  also  sometimes  by  adult  leaves  with  a 
permanent  motile  mechanism.  They  have  been  observed  in  the 
growing   leaves  (and  cotyledons)    of   many   plants    (e.g.    Cheno- 
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podium,  Irapatiens,  Polygonum,  Linum,  etc.),  and  in  the  adult 
leaves  of  many  Oxalidaceas  and  LeguminosoB.  The  common 
feature  of  these  movements  is  that  they  serve  to  vary  the  area  of 
surface  presented  to  the  sky  by  the  leaf.  They  are  commonly 
known  as  "  sleep-movements,"  or  nyctitropic  movements,  because 
they  are  usually  associated  with  the  alternation  of  day  and  night. 
With  a  falling  temperature  and  a  diminishing  intensity  of  light 
the  leaves  assume  the  "night-position,"  presenting  a  diminished  sur- 
face, generally  only  the  edge,  to  the  zenith,  the  leaflets  of  compound 
leaves  at  the  same  time  approaching  each  other,  with  the  resnlt  that 
they  are  protected  from  injury  by  cold  in  consequence  of  excessive 
radiation  of  heat  :  with  a  rising  temperature  and  an  increasing 
intensity  of  light,  the  leaves  assume  the  "  day-position,"  presenting 
their  upper  surfaces  to  the 
zenith.  But  the  day-posi- 
tion is  frequently  liable  to 
modification,  with  a  view  to 
the  reduction  of  transpira- 
tion and  to  the  protection  of 
the  chlorophyll  from  the  ac- 
tion of  too  intense  light,  by 
movements  which  diminish 
the  leaf -area  exposed  to  the 
direct  rays  of  the  sun  ; — 
and  so,  in  some  cases,  the 
edge,  and  not  the  upper 
surface,  is  presented  to  the  sun  :  these  movements  are  designated 
"  diurnal  sleep  "  or  paraheliotropism. 

Some  foliage -leaves,  but  only  such  as  have  a  special  motile 
mechanism,  respond  by  movement  to  the  stimulus  of  a  touch.  This 
is  the  case  in  the  "sensitive  plants,"  such  as  llimosa  pwciica  and 
other  species,  Blophijtum  {Oxalis)  seiisitivum,  ^schynomene  indica, 
Neptunia  oleracea  :  the  leaflets  of  the  pinnate  leaves  of  these 
plants  close  together  when  touched,  or  when  the  plant  is  shaken, 
and  they  are  thus  protected  to  some  extent  from  injury  by  hail, 
niin,  or  even  wind.  Other  instances  of  movement  in  response 
to  touch  are  afforded  by  the  "carnivorous"  genera,  Diona3a  and 
Aldrovanda,  in  which,  when  an  insect  alights  on  the  upper  surface 
of  the  expanded  leaf  and  touches  the  sensitive  hairs,  the  two 
lateral  halves  of  the  blade  suddenly  close  together,  like  a  hinge, 
with  the  midrib  as  the  axis. 


Fig.  471.— Leaf  of  Oxalis  by  day  (T)  and  by 
night  (N).  In  the  latter,  each  leaflet  is  folded 
inwards  at  right  angles  along  its  midrib,  and  is 
also  bent  downwards. 
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Sensitiveness  to  long-continued  contact    is  manifested  by  the 
petioles  of  various  plants  {e.g.  Trop^olum,  Clematis) ;  sometimes 


A  B 

Fig.  472  (after  Duchartre) .—Leaves  of  Mimosa  pndtca:  A  normal  diurnal  position; 
B  position  assumed  on  stimulation. 

by  the   whole  phyllopodium  (Lygodium)  ;   in  many  cases  leaves 
possessing  this  sensitiveness  are  modified  into  leaf-tendrils  (see  p. 

58  ;  as  in  Cucurbitaceae,  etc.)  ; 
leaves  of  this  kind  serve  as 
organs  of  attachment  for  climb- 
ing. 

Foliage-leaves  are  sometimes 
modified  into  pitchers  or  ascidia 
(p.  57) :  these  serve  the  purpose 
in  some  cases  (e.g.  Nepenthes) 
of  capturing  insects  and  of 
digesting  and  absorbing  them  : 
in  other  cases  (e.g.  Dischidia) 
they  collect  water  and  organic 
detritus ;  in  Dischidia  adven- 
titious roots  are  developed, 
which  lie  in  the  pitchers  and 
absorb  water,  together  with 
dissolved  substances,  there- 
from. 

Leaf-spines   appear   to   be   exclusively    protective   against   the 
attacks  of  herbivorous  animals. 


P^iG.  473  (after  Darwin).— Petiole  of  Solanum 
jasminoides  clasping  a  stick. 
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(2).  Gataphyllary  or  Scaly  Leaves  (p.  58)  serve  to  protect, 
growing-points  and  yoang  leaves  of  buds,  and  in  this  they  are 
assisted  by  the  secreting-hairs  (colleters,  p.  144)  which  they 
frequently  bear:  they  sometimes  serve  as  depositories  of  reserve 
plastic  materials  (e.g.  scales  of  Onion-bulb). 

(3).     Floral  Leaves. 

a.  Hypsophyllary  Leaves.  The  leaves  included  under  this 
head  are  the  bracts  (and  bracteoles)  and  the  perianth-leaves 
(p.  59). 

When  green,  the  bracts  perform  the  ordinary  functions  of 
foliage-leaves :  but  when  they  are  collected  around  a  flower 
(epicalyx)  or  an  inflorescence  (e.g.  involucre  of  Compositae, 
Euphorbia,  etc.)  they  serve  to  protect  the  floral  organs  during 
their  development.  When  highly-coloured  (e.g.  in  Araceae, 
Euphorbiaceae,  Nyctaginacese),  they  serve  to  attract  insects  to 
visit  the  otherwise  inconspicuous  flowers. 

The  sepals,  like  the  bracts,  are  commonly  green,  and  then  they 
perform  the  ordinary  functions  of  foliage-leaves,  and  also  serve 
to  protect  the  other  floral  organs :  when  petaloid  (e.g.  many 
Ranunculaceoe  and  Liliales),  they  attract  insects  for  the  purpose  of 
cross-pollination. 

The  petals  are  brightly-coloured  in  most  flowers,  and  it  is  their 
special  function  to  attract  insects.  Not  uncommonly  they  are 
specially  modified  as  nectaries  (e.g.  Helleborus),  and  thus  further 
contribute  to  ensure  the  visits  of  insects. 

The  perianth-leaves  (and  sometimes  also  the  bracts),  are  often 
capable  of  performing  movements  leading  to  the  opening  and 
closing  of  the  flower  or  inflorescence  :  thus  the  flowers  of  the 
Crocus,  Tulip,  and  Poppy,  and  the  inflorescence  of  the  Daisy,  open 
under  the  influence  of  rising  temperature  and  increasing  intensity 
of  light,  closing  under  the  contrary  conditions :  the  closing  is  a 
protection  of  the  essential  floral  organs  against  cold  and  wet ;  it 
is  essentially  similar  to  the  nyctitropic  movements  of  foliage- 
leaves  (see  p.  689). 

b.  Sporophjllary  Leaves.  As  already  stated  (p.  77)  the  sporo- 
phylls  are  the  essential  organs  of  the  flower,  when  they  are 
aggregated  on  a  special  shoot,  and  have,  in  any  case,  the  function 
of  asexually  producing  the  spores.  They  are  more  or  less  generally 
modified  in  form  and  structure  in  connexion  with  this  function ; 
and  in  the  many  different  forms  of  flowers  these  leaves  present 
remarkable  special  adaptations  which  mainly  refer  to  the  process 
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of  pollination  (see  p.  452),  to  the  distribution  of  the  seed,  etc. 
It  is  impossible  to  enter  upon  a  further  consideration  of  the 
biology  of  the  flower,  but  the  phenomena  of  movement  presented 
by  the  essential  floral  organs  deserve  special  mention. 

A  remarkable  case  of  spontaneous  movement  is  that  of  the 
gynostemium  of  Stylidium  (Candollea)  adnatum,  the  object  of 
which  is  the  scattering  of  the  pollen,  and  it  accordingly  begins 
when  the  anthers  are  about  to  dehisce :  the  gynostemium  bends 
over  till  it  touches  a  gland  on  the  anterior  petal,  and  to  this  it 
adheres  until  it  straightens  and  frees  itself  from  the  sticky  gland" 
with  a  jerk  which  scatters  the  pollen ;  the  movement  is  then 
repeated. 

Induced  movements  are  more  common.  Thus  the  two  lobes  of 
the  stigma  (e.g.  Mimulus,  Bignonia,  Martynia),  close  together  on 
being  touched  :  the  movement  doubtless  ensures  the  adhesion  of 
the  pollen  brought  by  an  insect.  The  stamens  are  irritable  in 
many  plants.  For  instance,  in  Berberis,  when  an  insect  touches 
the  irritable  base  of  one  of  the  nearly  horizontal  stamens,  the 
stamen  rises  up  on  its  point  of  attachment  as  on  a  hinge,  and 
strikes  the  insect  with  the  anther,  thus  dusting  it  with  pollen. 
Again,  the  syngenesious  stamens  of  Centaurea  (p.  664;)  shorten 
on  stimulation  by  touch:  the  flower  is  protandrous  ;  consequently, 
as  the  filaments  contract,  the  pollen  shed  by  the  coherent  anthers 
is  pushed  out  of  the  open  end  of  the  anther-tube  by  the  style 
within,  and  is  removed  by  the  insect. 


CHAPTER   II. 
SPECIAL  PHYSIOLOGY  OF  THE  NUTKITIVE  FUNCTIONS. 

§  6.  Absorption.  The  food  of  plants  is  absorbed,  generally 
speaking,  either  from  the  soil  or  from  the  air. 

Plants  which  do  not  possess  chlorophyll  (e.g.  Fungi)  usually 
obtain  the  whole  of  their  food  from  the  soil ;  whereas  plants  which 
do  possess  chlorophyll  absorb  from  the  air  one  of  the  most  im- 
portant constituents  of  their  food,  namely  carbon  dioxide. 

In  exceptional  cases  it  is  obtained  from  other  sources ;  for 
instance,  parasitic  plants  absorb  their  food  from  the  hosts  upon 
which  they  live,  and  the  "  insectivorous  "  plants  absorb  a  portion, 
at  least,  of  their  food,  from  the  insects  which  are  caught  by  their 
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specially  adapted  leaves.     Submerged  aquatic  plants  absorb  their 
food  entirely  or  mainly  from  the  water  in  which  they  live. 

As  already  mentioned  (p.  668),  the  food  of  plants  is  always 
absorbed  in  the  fluid  form  ;  either  as  a  liquid  or  as  a  gas.  The 
liquid  food,  consisting  of  a  watery  solution  of  various  substances, 
is  absorbed  from  the  soil  most  commonly  by  the  roots,  or,  in  the 
absence  of  roots,  by  other  members  (shoots,  leaves)  which  have 
become  specially  adapted  for  the  performance  of  this  function  ; 
the  gaseous  food  (CO2)  is  absorbed  from  the  air  by  the  green 
parts  (shoot)  of  plants,  and,  in  the  more  highly  differentiated 
forms,  more  especially  by  the  leaves. 

Absoi'ption  of  Liquids.  When  an  organ  which  is  adapted  for  the 
absorption  of  liquids  is  performing  its  function,  two  processes  are 
in  operation,  namely,  the  absorption  of  the  water,  and  the  absorp- 
tion of  the  substances  which  the  water  holds  in  solution :  it  is 
important  to  clearly  distinguish  between  these  two  processes,  for 
though  they  are  necessarily  carried  on  simultaneously,  yet  the 
water  and  the  dissolved  substances  are  not  absorbed  in  any  con- 
stant proportion.  The  two  processes,  in  fact,  depend  upon  some-/ 
what  different  conditions.  The  cells  of  the  absorbent  organ  take! 
up  the  water  in  consequence  of  the  presence  in  solution  in  the! 
cell-sap  of  osmotically  active  substances,  such  as  organic  acids  and' 
acid  salts,  which  attract  water  into  the  cells.  The  substances 
in  solution  in  the  water  are  absorbed  in  virtue,  first,  of  their  j 
diffusibility,  that  is  their  power  of  passing  through  membi^anes,  J 
and  secondly,  of  the  fact  that  the  cell-sap  in  the  interior  of  the  j 
absorbing  cells  contains  less  of  the  substances  in  question  than 
does  the  water  outside.  Hence  any  indiffusible  substance  which 
may  be  dissolved  in  the  water  will  not  be  absorbed  by  the  cells, 
neither  will  any  substance  of  which  there  is  already  an  equivalent 
quantity  in  solution  in  the  sap  of  the  cells,  although  the  absorp- 
tion of  water  may  be  actively  taking  place.  These  facts  find 
their  general  expression  in  th€  following  statement  which  is 
known  as  the  Law  of  Absorption :  for  the  watery  solution  of  any 
substance  capable  of  being  absorbed,  there  is  a  certain  degree  of 
concentration  at  which  the  pi-oportion  of  the  amount  of  the  sub- 
stance absorbed  to  that  of  the  water  absorbed  is  the  same  as  that 
of  the  solution ;  if  the  solution  be  more  concentrated,  the  pro- 
portion of  water  absorbed  will  be  greater,  and  that  of  the  sub- 
stance less  ;  if  the  solution  be  more  dilute,  the  proportion  of  the 
substance  absorbed  will  be  greater,  and  that  of  the  water  less. 
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When,  as  is  usually  the  case,  the  liquid  with  which  the  absorbent 
cells  come  into  relation,  is  a  solution  of  a  number  of  different  sub- 
stances, these  different  substances  are  not  all  absorbed  in  the  same 
proportion.  Supposing  the  absorbing  organ  to  be  equally  poor  in 
all  these  substances.  Then,  in  the  first  instance,  the  substances 
would  be  absorbed  in  proportion  to  their  diffusibility,  the  most 
diffusible  being  absorbed  the  most  rapidly.  Subsequently,  how- 
ever, the  relative  amount  of  substances  absorbed  would  be  de- 
termined by  the  extent  to  which,  after  absorption,  they  severally 
were  chemically  altered  in  the  metabolism  of  the  plant.  For  when 
a  substance  is  chemically  altered  in  the  plant,  it  ceases  to  exist, 
as  such,  in  the  sap  of  the  cells ;  hence,  when  a  substance  is 
constantly  being  decomposed  in  the  plant,  it  can  be  also  con- 
tantly  absorbed.  When,  on  the  other  hand,  an  absorbed  sub- 
stance does  not  undergo  chemical  change  in  the  plant,  it  ac- 
cumulates in  the  sap  of  the  cells,  and  consequently  the  absorp- 
tion of  it  from  without  eventually  ceases. 

This  point  can  be  determined  with  regard,  at  least,  to  the 
mineral  substances  which  a  plant  absorbs,  by  an  analysis  of  the 
ash  which  is  left  behind  on  incinerating  the  plant,  that  is,  on 
burning  away  the  combustible  organic  matter.  The  ash  will  be 
found  to  include  all  the  mineral  elements  present  in  the  soil  or 
water  from  which  absorption  is  taking  place,  in  so  far  as  those 
elements  are  pi'esent  in  the  form  of  compounds  which  are  soluble 
and  diffusible.  The  general  constitution  of  the  ash  depends  upon 
the  chemical  nature  of  the  soil,  and  upon  the  physical  properties 
of  the  substances  which  comprise  it,  as  is  proved  by  the  fact  that 
the  constitution  of  the  ash  of  any  given  plant  varies  with  the  soil 
in  which  it  grows.  But  the  relative  proportion  of  the  various 
chemical  elements  in  the  ash  depends  upon  the  capacity  of  the 
plant  to  chemically  alter  the  various  compounds  which  it  absorbs, 
as  is  proved  by  the  fact  that  the  constitution  of  the  ash  varies 
widely  in  plants  of  different  kinds  grown  in  the  same  soil ;  it  is 
the  expression  of  the  specific  metabolic  properties  of  the  plant,  or, 
in  other  words,  of  the  specific  absorbent  capacity  of  the  plant.  And 
not  only  has  each  plant  a  specific  absorbent  capacity,  but  this 
varies  at  different  periods  in  its  development,  in  harmony  with 
the  variation  which  takes  place  in  its  metabolic  processes. 

A  good  illustration  of  the  different  ppecific  absorbent  capacities  of  plants  is 
afforded  by  a  comparison  of  the  amount  of  silica  in  the  ash  of  different  plants. 
Thus,  an  analysis  of  meadow-hay  and  of  pea-straw,  grown  under  the  same 
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conditions,  showed  that  the  former  contained  27  per  cent,  of  silica,  and  the 
latter  scarcely  7  per  cent.  This  is  due  to  the  fact  that  the  Grasses  deposit 
considerable  quantities  of  silica  in  their  cell-walls,  whereas  Peas  are  unable  to 
do  this  to  anything  like  the  same  extent. 

It  not  infrequently  happens  that  chemical  elements  are  found  to 
be  present  in  the  ash,  which  are  known  to  be  present  in  the 
soil  in  the  form  of  compounds  which  are  insoluble  in  water. 
These  compounds  are  brought  into  solution  by  various  means. 
For  instance,  the  soil  usually  contains  carbon  dioxide,  which  is 
evolved  from  the  decomposing  animal  or  vegetable  matter  which 
is  commonly  present,  and  from  the  absorbent  organs  themselves  ; 
and  it  is  Avell  known  that  various  substances,  such  as  calcium  car- 
bonate and  certain  silicates,  which  are  insoluble  in  pure  water, 
are  soluble  in  water  charged  with  carbon  dioxide.  Again,  the  sap 
which  fills  the  vacuoles  and  saturates  the  walls  of  root-hairs,  has 
an  acid  reaction,  due  to  the  presence  of  organic  acid,  and  this  acid 
sap  will  dissolve  many  substances  which  are  insoluble  in  pure 
water.  The  solvent  effect  of  this  acid  sap  is  well  demonstrated  by 
means  of  the  familiar  experiment  with  a  slab  of  marble.  If  a 
highly-polished  slab  of  marble  be  fixed  in  the  bottom  of  a  flower- 
pot, and  a  plant  be  grown  in  the  soil  above  it,  the  roots  will  come 
into  contact  with  the  slab  and  will  apply  themselves  to  its  surface. 
On  subsequently  examining  the  slab  of  marble,  it  will  be  found  to 
have  become  corroded  where  the  roots  had  been  in  contact  with 
it.  The  corrosion  is  due  to  the  solution,  by  the  acid  sap  of  the 
roots,  of  particles  of  the  marble. 

The  activity  of  the  absorption  of  water  is  dependent  upon  the 
temperature.  For  example,  the  absorption  of  water  by  roots  be- 
gins at  a  minimum  temperature  ;  it  increases  in  activity  as  the 
temperature  rises  to  optimum  ;  any  further  rise  of  temperature  is 
attended  by  a  diminished  activity  of  absorption. 

Absorption  of  Gases.  The  absorption  of  gases  depends,  like  the 
absorption  of  water  and  substances  in  solution,  upon  diffusion. 
Supposing  an  absorbent  cell,  the  sap  of  which  holds,  to  begin  with, 
no  gases  in  solution,  to  be  brought  into  relation  with  a  mixture  of 
gases,  these  gases  will  be  dissolved  at  the  surface  in  proportion  to 
their  solubility  and  to  the  amount  of  each  gas  present  in  the  mix- 
ture, that  is,  the  amount  absorbed  of  each  gas  depends,  in  the  first 
instance,  upon  its  solubility  and  its  partial  pressure.  Tlie  relative 
amount  of  each  gas  absorbed  over  a  pei'iod  of  time  will  further 
depend  upon  the  extent  to  whicli  it  undergoes  chemical  alteration 


696  PART    IV. — THE    PHYSIOLOGY   OF    PLANTS. 

after  absorption.  For  instance,  plants  absorb  from  the  air 
nitrogen,  oxygen,  and  carbon  dioxide  under  certain  circarastances. 
On  account  of  the  greater  proportion  of  nitrogen  in  the  air,  this 
gas  will  be,  in  the  first  instance,  absorbed  to  a  larger  extent  than 
either  of  the  others.  But  inasmuch  as  the  nitrogen  does  not  enter 
into  the  metabolic  processes  of  the  plant,  whereas  oxygen  and, 
under  certain  circumstances,  carbon  dioxide,  do  so,  the  nitrogen 
simply  accumulates  in  the  cell-sap,  and  the  absorption  of  it  will 
soon  cease,  whereas  the  absorption  of  the  oxygen  and  of  the  carbon 
dioxide  will  continue. 

Land-plants  absorb  gases,  in  the  manner  described  above,  at  all 
points  of  their  surface  ;  by  their  shoots  from  the  air,  by  their  roots 
from  the  gaseous  mixture  in  the  interstices  of  the  soil ;  the  stomata 
of  the  sub-aerial  parts  are  of  great  importance  in  connexion  with 
this  process.  Submerged  water-plants  absorb,  in  solution,  the 
gases  dissolved  in  the  water. 

The  absorbed  gases  remain  in  solution  in  the  cell-sap,  so  that 
living  cells  do  not  contain  babbles  of  gases.  Moreover,  gases 
travel  in  the  plant  mainly  by  diffusion  from  cell  to  cell,  though 
their  distribution  may  also  be  effected  by  means  of  the  intercellular 
spaces. 

The  particular  gas  which  may  be  regarded  as  a  food-material  is 
carbon  dioxide.  Although  the  amount  of  this  gas  to  be  found  in 
the  air,  or  in  solution  in  water,  at  any  given  moment,  is  usually 
small,  yet  inasmuch  as  the  supply  is  maintained,  enough  of  it  can 
be  obtained  for  the  needs  of  the  plant.  The  conditions  of  its 
absorption  are  the  following  :  First,  it  is  only  absorbed  by  those 
cells  which  contain  chlorophyll ;  Secondly,  it  is  only  absorbed  by 
these  cells  when  exposed  to  light  of  a  certain  intensity,  the  most 
active  rays  being  those  of  low  refrangibility. 

§  7.  Transpiration.  Every  part  of  a  plant  which  is  exposed 
to  the  air,  except  such  as  are  covered  by  a  thick  layer  of  cork,  is 
continually  exhaling  watery  vapour.  This  may  be  demonstrated 
by  placing  a  leafy  branch  under  a  bell-glass,  when  it  will  shortly 
be  observed  that  the  internal  surface  becomes  covered  with  drops 
of  water,  the  watery  vapour  exhaled  by  the  branch  having  con- 
densed upon  the  cold  glass.  Again,  the  drooping  of  cut  flowers 
or  herbaceous  branches  is  due  to  the  loss  of  water  by  ti'anspira- 
tion. 

It  must  be  clearly  understood  that  transpiration  is  not  simply 
evaporation.     If  it  were  so,  then  clearly  equal  amounts  of  water 
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would  be  evaporated  in  a  given  time  by  equal  areas  of  water- 
surface,  and  of  living  plant-surface.  But  this  is  not  the  case. 
All  observations  show  that  the  amount  of  water  transpired  from  a 
given  area  of  living  plant-surface  in  a  given  time,  is  only  a  small 
fraction  of  that  evaporated  in  the  same  time  from  an  equal  surface 
of  water.  On  the  other  hand,  the  evaporation  from  dead  plant- 
surface  is  as  active,  or  even  more  so,  than  from  a  free  surface  of 
water.  Transpiration,  whilst  ultimately  depending  upon  the 
purely  physical  process  of  evaporation,  is  essentially  evaporation 
modified  by  the  living  substance,  protoplasm,  from  and  through 
which  it  takes  place,  and  is  therefore  a  vital  function. 

The  activity  of  transpiration  is  intimately  connected  with  the 
external  conditions.  It  is  dependent  upon  the  hygrometric  state 
of  the  atmosphere,  upon  the  temperature  of  the  air,  and  especially 
upon  exposure  to  light.  Naturally,  the  drier  the  atmosphere  the 
more  active  the  transpiration;  and,  similarly,  a  rise  of  temperature 
promotes  transpiration.  The  effect  of  exposure  to  light  is  very 
striking.  On  removing  a  plant  from  darkness  to  even  feeble 
light,  its  transpiration  is  markedly  increased ;  but  when  it  is  re- 
moved into  bright  sunlight  it  is  increased  severalfold.  This  effect 
of  light  is  especially  marked  in  the  case  of  plants,  or  parts  of 
plants,  which  contain  chlorophyll.  It  is  clear  that  light  so  acts 
upon  the  protoplasm  of  the  transpiring  tissue  as  to  facilitate  the 
evaporation  of  the  water  contained  in  the  cells. 

The  activity  of  the  transpiration  from  the  surface  of  a  plant 
is  inversely  proportional  to  the  development  of  the  tegumentary 
tissue.  Thus,  transpiration  is  rapid  in  the  case  of  stems  and 
leaves  in  which  cuticularisation  or  suberisation  of  the  superficial 
cell-walls  has  taken  place  to  but  a  small  extent  or  not  at  all, 
whereas  the  transpiration  of  organs  which,  like  the  trunks  of 
many  trees,  are  covered  externally  by  layers  of  cork,  or  which, 
like  the  stems  and  leaves  of  succulent  plants,  such  as  Cacti,  Aloes, 
Crassulaceoe,  etc.,  have  a  thick  cuticle,  is  comparatively  slight. 

However,  inasmuch  as  most  aerial  leaves  and  stems  have  a 
more  or  less  well-developed  and  cuticularised  tegumentary  tissue, 
the  ti'anspiration  from  the  external  surface  is  insignificant.  Jn 
such  cases  the  transpiration  takes  place  mainly  through  the  thin 
uncuticularised  walls  of  the  cells  of  the  ground-tissue  into  the 
intercellulai*  spaces,  and  the  watery  vapour  escapes  from  the 
intercellular  spaces  into  the  external  air  by  means  of  the  stomata 
and  the  lenticels.     The  stomata,    especially,  are  organs  for  the 


698  PART    lY. — THE    PHYSIOLOGY    OF    PLANTS. 

regulation  of  transpiration.  As  already  mentioned  (p.  156),  the 
stomata  open  and.  close,  their  opening  and  closing  being  dependent 
upon  variations  in  the  turgidity  of  the  guard-cells.  When  the 
guard-cells  are  highly  turgid,  they  curve  so  as  to  separate  from 
each  other  in  the  middle  line,  thus  opening  the  stoma ;  Avhen  they 
are  flaccid,  their  free  surfaces  are  brought  into  contact,  and  the 
stoma  is  closed.  It  was  held  for  a  long  time  that  the  opening  and 
closing  of  the  stomata  depended  mainly  on  whether  or  not  the  plant 
was  exposed  to  light;  that  the  stomata  opened  in  bright  light 
and  closed  in  darkness ;  and  that  the  more  active  transpiration 
in  light  than  in  darkness  was  attributable  to  the  condition  of  the 
stomata.  Bat  it  is  now  known  that  the  opening  or  closing  of  the 
stomata  is  not  thus  directly  dependent  on  light,  but  is  a  function 
of  transpiration  as  affected  by  the  hygrometric  condition  of  the 
air,  and  by  the  supply  of  water  in  the  plant  :  so  that  when  the 
transpiration  is  normal,  as  determined  by  a  certain  relation  exist- 
ing between  the  hygrometric  condition  of  the  air  and  the  supply 
of  water  to  the  transpiring  leaf,  the  stomata  are  open ;  but  when 
transpiration  becomes  excessive,  by  the  air  becoming  drier,  or  by 
a  diminution  in  the  supply  of  water  to  the  leaf,  the  stomata  close, 
even  before  any  trace  of  flagging  is  shown  by  the  leaf.  Thus  the 
stomata  act  as  regulators  of  transpiration,  and  their  opening  or 
closing  depends  partly  on  external  and  partly  on  internal  condi- 
tions. 

The  water  lost  by  transpiration  is  supplied  to  the  transpiring 
organs  from  the  roots.  If  the  loss  by  transpiration  is  compensated 
by  the  absorbent  activity  of  the  roots,  the  transpiring  organs 
remain  fresh  and  turgid.  But  if,  as  is  frequently  the  case  on  a 
hot  summer  day,  the  loss  of  water  by  transpiration  is  greater  than 
the  supply  from  the  roots,  the  transpiring  organs,  more  especially 
the  leaves,  become  flaccid  and  droop,  and  they  are  only  restored 
to  the  turgid  condition  in  the  evening  when  the  temperature  of 
the  air  falls  and  the  intensity  of  the  light  diminishes;  in  a  word, 
when  the  external  conditions  become  such  as  to  lead  to  a  diminu- 
tion of  the  transpiration. 

There  is,  however,  besides  the  flaccidity  of  the  herbaceous 
members  of  the  plant,  another  means  of  observing  the  effect  of 
transpiration  upon  the  amount  of  water  contained  in  the  tissues. 
If  the  stem,  or  a  branch,  of  an  actively  transpiring  plant  be  cut 
through  under  mercury  or  some  other  liquid,  it  will  be  observed 
that  the    liquid   will   at  once   make   its   way  for    a  considerable 
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distance  into  the  woody  tissue  of  tlie  cut  stem  or  branch.  This  is 
due  to  the  fact  that,  in  consequence  of  the  withdrawal  of  water 
from  them,  the  gases  in  the  vessels  are  at  a  lower  pressure  than 
that  of  the  atmosphere.  This  is  termed  the  negative  pressure  in 
the  vascular  tissue. 

These  various  points  can  be  readily  observed  in  low -growing 
plants,  such  as  the  cabbage.  On  a  hot  summer  day  the  leaves 
become  flaccid,  and  the  existence  of  a  negative  pressure  in  the 
vessels  of  the  stem  can  be  ascertained.  In  the  evening,  when  the 
activity  of  transpiration  is  diminished,  but  active  absorption  of 
water  from  the  warm  soil  by  the  roots  continues,  the  leaves 
become  turgid,  and  water  gradually  accumulates  in  the  vascular 
tissue.  During  the  night  tliis  accumulation  of  water  in  the 
vascular  tissue  goes  on  until  it  becomes  quite  full,  so  that  there 
comes  to  be  not  only  no  negative  pressure,  but  a  positive 
pressure.  This  positive  pressure,  were  there  no  means  of  re- 
lieving it,  might  become  injurious  to  the  tissues;  but  it  is  re- 
lieved by  the  filtering  of  drops  out  of  the  closed  terminations  of 
the  vascular  bundles  in  the  leaves,  these  drops  making  their  way 
to  the  surface  through  openings  over  the  ends  of  the  bundles, 
which  are  either  the  ordinary  stomata,  or  the  specially-modified 
water-stomata.  A  row  of  such  drops  on  the  margin  of  the  leaves 
may  be  observed  in  many  plants  in  the  early  morning.  It 
appears,  then,  that  during  the  day  the  loss  of  water  by  transpira- 
tion is  greater  than  the  supply  by  absorption,  whereas  during  the 
night  the  contrary  is  the  case. 

With  regard  to  the  physiological  significance  of  transpiration, 
it  is  important  in  that  it  causes  a  rapid  current  of  liquid,  the 
transpiration-current,  to  flow  through  the  plant  from  the  roots  to 
the  transpiring  organs,  more  especially  the  leaves.  This  ensures 
the  distribution,  not  only  of  the  absorbed  water,  but  also  of  the 
substances  absorbed  in  solution  from  the  soil.  It  will  be  noticed 
that  the  conditions  which  promote  transpiration,  namely,  light 
and  warmth,  are  just  those  which  are  most  favourable  to  the  per- 
formance of  their  anabolic  proces.ses  by  the  organs  which  contain 
chlorophyll.  Thus,  when  the  leaves  are  actively  producing  organic 
substance,  they  are  actively  transpiring,  and  they  are  therefore 
constantly  receiving  supplies  of  the  substances  absorbed  from  the 
soil,  substances  some  at  least  of  which  are  essential  to  the 
chemical  processes  in  operation.  Transpiration  has,  then,  an 
important  bearing  upon  nutrition.     There  seems  to  be,  in  fact,  an 
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optimum  activity  of  transpiration,  that  is  to  say,  a  certain  activity 
of  transpiration  which  promotes  to  the  utmost  the  formation  of 
organic  substance  ;  so  that  if  the  average  activity  of  transpiration 
fa.lls  short  of,  or  exceeds,  this  optimum,  the  nutrition  of  the  plant 
suffers,  as  shown  by  a  diminished  formation  of  organic  substance. 

§  8.  Distribution  of  Water  and  otiier  Substances.  It  is 
clear  that,  when  the  plant-body  is  so  far  difFerentiated  that  only 
certain  parts  of  it  are  in  a  position  to  absorb  water  and  substances 
in  solution  from  without,  there  must  be  a  distribution  of  the  ab- 
sorbed substances  from  the  absorbent  surfaces  to  the  other  partis. 
Further,  when  the  plant-body  is  differentiated  into  parts  which  do, 
and  others  which  do  not,  contain  chlorophyll,  there  must  be  a 
distribution  of  the  produced  organic  substance  from  the  former  to 
the  latter. 

In  plants  of  relatively  low  organisation,  the  distribution  takes 
place  entirely  by  diffusion;  by  simple  diffusion  when  the  plant  is 
a  coenocyte  ;  by  diffusion  through  the  cell-walls,  that  is  by  osmosis, 
when  the  plant  is  multicellular:  and  even  in  the  highest  plants 
diffusion  plays  an  important  part. 

With  regard,  first,  to  the  distribution  of  water  and  substances 
absorbed  in  solution  from  without,  in  the  more  highly  organised 
plants.  In  these  plants,  as  already  stated,  the  conducting  tissue  is 
the  wood  or  xylem  of  the  vascular  bundles,  extending  from  the 
roots,  the  absorbent  organs,  to  the  leaves,  the  transpiring  organs. 

With  regard  to  the  mechanism  by  which  the  water  absorbed  by 
the  roots  is  conveyed  to  the  leaves,  it  must,  in  the  first  place,  be 
clearly  understood  that,  as  already  mentioned  (p.  678),  the  xylem 
does  not  communicate  directly  with  the  atmosphere,  but  is  a  com- 
pletely closed  tissue-system.  The  mode  in  which  water  and  sub- 
stances in  solution  are  introduced  into  this  closed  tissue-system  in 
the  root  is  as  follows  : — The  root-hairs  absorb  water  from  the 
soil;  the  absorbed  water  passes  by  osmosis  from  the  root-hairs 
into  the  adjacent  cortical  parenchymatous  cells  of  the  root ;  these 
cells  become  highly  turgid,  and  when  a  certain  degree  of 
turgidity  is  attained,  the  water  escapes  by  filtration  under 
pressure  from  the  innermost  parenchymatous  cells  into  the  xylem- 
vessels  upon  which  they  abut.  The  water  is  thus  forced  into  the 
xylem  under  considerable  pressure,  which  is  termed  the  root- 
pressure.  In  the  leaves,  water  is  withdrawn  from  the  xylem  by 
the  adjacent  cells  which  absorb  it  osmotically,  and  from  these  in 
turn  by  those  which  are  actually  transpiring. 
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The  Root -Pressure.  The  existence  of  the  root-pressure  can  be 
easily  ascertained.  It  is  manifested  spontaneously  by  that  exuda- 
tion of  drops  on  the  margin  of  the  leaves  of  low-growing  plants 
during  the  night,  to  which  allusion  has  already  been  made  (p.  699). 
An  artificial  manifestation  of  it  is  induced  in  stems  which  are  cut 
across  at  a  time  when,  owing  to  active  absorption  and  feeble 
transpiration,  the  plants  are  rich  in  water ;  drops  exude  from  the 
xylera-vessels  at  the  cut  surface  of  that  part  of  a  stem  which  is 
still  in  connexion  with  the  root.  A  familiar  case  of  this  is  the 
"  bleeding "  of  certain  shrubs  and  trees  when  pruned  in  the 
spring.  It  is  possible,  in  this  way,  to  estimate  both  the  activity 
and  the  force  of  the  root-pressure.  By  collecting  the  water  which 
exudes  from  the  cut  surface  of  the  stem,  the  amount  of  water 
absorbed  by  the  i-oot  in  a  given  time  is  determined  ;  and  by 
attaching  a  mercurial  manometer  to  the  cut  surface  of  the  stem 
the  force  of  the  root-pressure  can  be  measured.  For  instance, 
8,025  cubic  millimetres  of  liquid  were  collected  from  a  Stinging 
Nettle  in  99  hours ;  and  the  root-pressure  required  a  column  of 
mercury  354  millimetres  in  height  to  counterbalance  it :  in  other 
words,  the  root-pressure  of  the  Nettle  was  nearly  half  an 
atmosphere,  and  was  capable  of  supporting  a  column  of  water 
about  15  feet  high. 

The  essential  point  in  the  mechanism  of  the  root-pressure  is 
the  forcing  of  liquid  by  filtration  under  pressure  from  the  paren- 
chymatous cells  into  the  xyleni.  The  process  is  probably  to 
be  explained  somewhat  in  this  way.  When  a^  certain  degree  of 
turgidity  is  attained  in  the  parenchymatous  cells  abutting  on  the 
xylem,  their  motile  protoplasm  undergoes  a  molecular  change,  in 
consequence  of  which  it  becomes  permeable  and  ceases  to  offer 
resistance  to  the  escape  of  the  cell-sap ;  consequently,  under  the 
elastic  contraction  of  the  distended  cell-walls,  a  portion  of  the  cell- 
sap  is  forced  out  of  the  cell.  This  molecular  change  in  the  state  of 
aggregation  of  the  protoplasm  of  the  parenchymatous  cells  probably 
takes  place  at  more  or  less  regular  intervals,  so  that  there  is  a 
sort  of  rhythmic  pumping  of  liquid  into  the  xylem  of  the  root. 
From  this  point  of  view,  the  root-pressure  of  a  plant  is  simply  the 
expression  of  the  force  of  the  elastic  conti'action  of  the  cell-walls 
of  the  parenchymatous  cells  abutting  on  the  xylem-bundles  in  the 
root. 

With  regard  to  the  external  conditions  which  affect  the  root- 
pressure,  the  most  important  is  the  temperature  of  the  soil;  a 
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rise  of  temperatare  up  to  the  optimum  increases  the  root-pressure, 
but  any  further  rise  causes  it  to  diminish,  and  if  the  soil  be 
heated  so  as  to  kill  the  roots,  the  root-pressure  altogether  dis- 
appears. In  any  case  the  force  of  the  root-pressure  is  not 
uniform,  but  varies  ;  and  the  more  considerable  variations  occur 
in  such  a  way  as  to  constitute  a  well-marked  daily  period.  The 
exact  periodicity  depends  partly  on  the  age  of  the  plant,  and 
partly  on  the  conditions  under  which  it  has  been  living:  it 
may  be  generally  described  as  follows  : — The  force  of  the  root- 
pressure  is  least  during  the  early  morning  hours  ;  it  then  gradually 
increases,  reaching  its  maximum  early  in  the  afternoon,  and  then 
it  diminishes  during  the  evening  and  night  until  the  minimum 
is  attained  early  the  following  morning.  Thus  there  is  a  period 
of  about  twelve  hours  between  the  occurrence  of  the  minima  and 
the  maxima,  and  there  can  be  no  doubt  that  this  periodicity  has 
been  induced  by  the  periodic  changes  in  the  external  conditions 
accompanying  the  alternation  of  day  and  night. 

The  liquid  forced  into  the  tracheal  tissue  is  by  no  means  pure 
water;  it  holds  various  substances  in  solution,  such  as  mineral  salts 
absorbed  from  the  soil ;  in  the  spring  it  is  relatively  rich  in  organic 
substances,  such  as  proteids,  sugar,  acids,  colouring-matters,  etc., 
derived  from  the  reserves  stored  in  the  parenchymatous  cells  of 
the  root,  which  are  being  conveyed  to  the  opening  buds. 

The  Transpiration- Current.  The  mechanism  by  which,  after  the 
liquid  has  been  forced  into  the  xylem  of  the  root,  a  sufficient 
current  is  maintained  through  the  stem  of  a  lofty  tree  to  supply 
the  actively  transpiring  leaves,  is  still  one  of  the  incompletely 
solved  problems  of  physiology. 

It  might  be  assumed  that  the  transpiration- current  is  main- 
tained simply  by  the  root-pressure.  There  is  no  doubt  that,  in 
low-growing  plants  (see  p.  701),  the  root-pressure  is  sufficient  to 
force  liquid  to  all  parts  of  the  plant;  and  this  is  probably  true  also 
of  lofty  trees.  The  objection  is  that  no  root-pressure  can  be  de- 
tected at  any  time  in  a  great  many  plants,  and  that  it  can  never 
be  detected  in  any  plant  at  the  time  when  transpiration  is  active, 
when,  on  the  contrary,  there  is  negative  pressure  (p.  699)  in  the 
vessels.  Moreover,  a  transpiration-current  is  maintained  for  a 
time  by  entire  plants  whose  roots  have  been  killed  by  heat,  as  also 
by  cut-off  shoots. 

It  has  been  suggested  that  the  current  is  maintained  by  a 
repetition  of  the  root-pressure-action  at  various  levels  in  the  stem, 
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water  being  absorbed  and  then  returned  under  pressure  into  the 
vessels  by  the  adjacent  parenchymatous  cells.  This  view,  based 
principally  on  anatomical  facts,  is  supported  by  but  little  direct 
evidence,  although  it  has  been  ascertained  in  certain  cases  that 
the  parenchymatous  cells  of  the  stem  are  capable  of  forcing 
liquid  into  the  xylem  :  for  instance,  when  a  piece  of  a  grass- 
haulm  is  placed  with  its  lower  end  in  wet  sand,  drops  of  water 
may  be  observed  to  exude  from  the  upper  out  surface  after  a 
time.  But  in  view  of  the  fact  that  the  transpiration- current  can 
be  maintained  through  a  considerable  length  of  stem  killed  by  heat, 
as  also  of  the  fact  that  fatally  poisonous  solutions  may  be  thus 
conveyed  upwards  through  the  wood  for  a  length  of  time  which 
ensures  the  death  of  all  the  adjacent  parenchymatous  cells,  it  is 
difficult  to  see  how  this  theory  can  be  maintained. 

It  has  also  been  suggested  that  the  current  is  due  to  purely 
physical  causes,  such  as  capillarity  and  the  difPerence  between 
the  pressure  of  the  external  atmosphere  and  the  lower  pressure  of 
the  gases  in  the  xylem  of  the  plant,  or  the  differences  of  pressure 
of  the  gases  in  the  lower  and  upper  parts  of  the  plant.  With 
regard  to  capillarity,  it  need  only  be  pointed  out  that  in 
many  cases  {e.g.  Coniferae)  the  conducting-tissue  of  the  xylem 
does  not  consist  of  continuous  capillary  tubes,  but  of  closed 
tracheids;  here  it  is  impossible  for  a  column  of  water  to  be 
raised  by  capillarity,  and  yet  the  current  is  maintained ;  and 
even  in  plants  with  continuous  xylem-vessels,  the  force  of  capil- 
larity would  be  altogether  inadequate  for  the  maintenance  of  the 
current.  With  regard  to  the  "  gas-pressure-theory,"  it  will  suf- 
fice to  point  out  that,  even  if  it  were  .well-founded,  it  could  only 
account  for  the  raising  of  water  in  the  plant  to  a  height  of  thirty- 
two  feet  at  the  utmost ;  but  it  is  not  well-founded,  for  inasmuch 
as  the  xylem-system  is  air-tight,  being  shut  off  from  all  commu- 
nication with  the  external  air  (see  p.  678),  the  movement  of  fluids 
within  it  is  in  no  degree  affected  by  the  atmospheric  pressure, 
and  the  internal  differences  of  gas-pressure  are  altogether  in- 
adequate. However,  though  neither  capillarity  nor  differences  of 
pressure  can  be  regarded  as  the  active  cause  of  the  current,  the 
maintenance  of  the  current  is  affected  both  by  the  capillarity  of 
the  vascular  tissue  through  which  it  travels,  and  by  the  varying 
pressure  of  the  gases  which  that  tissue  may  contain. 

Two  facts  have  been  made  clear  by  the  foregoing  considerations  : 
first,  that  the  water  contained  in  the  wood  is  readily  mobile,  a 
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fact  which  has  been  proved  beyond  question  by  special  experi- 
ments :  second,  that  the  only  force  remaining  to  which  the  move- 
ment of  the  transpiration-current  in  the  stem  can  be  attributed,  is 
that  of  the  osmotic  absorption  of  water  from  the  tracheal  tissue 
by  the  adjacent  cells  of  the  leaves  when  transpiration  is  going 
on.  In  accordance  with  these  facts  it  has  been  suggested  that 
the  water  travels  molecularly  through  the  substance  of  the 
lignified  cell-walls,  the  water  taken  up  from  the  wood  by  the 
transpiring  leaves  being  at  once  replaced  by  fresh  molecules 
coming  up  from  below.  The  merit  of  this  view,  known  as  the 
"  imbibition- theory,"  is  that  it  overcomes  the  difficulty  of  account- 
ing for  the  raising  of  water  through  the  cavities  of  the  tracheal 
tissue;  for  the  molecules  of  the  water  thus  conceived  of  as  being 
held  in  the  substance  of  the  cell-walls  will  travel,  like  the  mole- 
cules of  a  gas,  in  the  direction  of  least  resistance,  that  is,  towards 
the  transpiring  organs.  Moreover  it  is  true  that  the  transpiration- 
current  will  only  travel  through  wood  the  walls  of  which  are 
saturated  with  water.  But  it  is  objected  to  this  theory  that  it 
does  not  accord  with  the  fact  that  any  diminution  or  interruption 
of  the  lumina  of  the  vessels,  by  compression  for  instance,  or  by 
section,  diminishes  or  arrests  the  transpiration-current ;  clearly 
this  ought  not  to  be  the  case  if  the  current  travels  exclusively  in 
the  walls.  Moreover  it  has  been  ascertained  that  the  actually 
conducting-tissue  of  the  wood  always  contains  water  in  its  cavities 
even  when  transpiration  is  most  active,  though  bubbles  of  gas  are 
also  present,  at  any  rate  in  the  wider  vessels  or  tracheids. 

The  conclusions  to  be  drawn  as  to  the  mechanism  of  the  trans- 
piration-current in  lofty  trees,  may  be  stated  as  follows.  In  the 
spring  the  wood  is  full  of  water  forced  into  it  by  root-pressure. 
When  the  leaves  unfold,  and  begin  to  transpire,  water  is  gradually 
withdrawn  from  the  conducting  tracheal  tissue,  and  the  tissue  is,  at 
any  rate  for  the  most  part,  occupied  by  a  system  of  short  columns 
of  water  with  intervening  gas-bubbles,  the  columns  of  water  being 
in  communication  by  delicate  films  along  the  cell-walls.  If  the 
whole  of  the  tracheal  tissue  be  in  this  state,  it  is  suggested  that 
as  water  is  withdrawn  from  the  upper  part  of  the  wood  by  the 
transpiration  of  the  leaves,  a  current  is  set  up,  the  water  travelling 
along  the  cell-walls,  between  them  and  the  gas-bubbles.  But  it 
may  be  that  a  continuous  system  of  tracheids  completely  filled 
with  water  is  maintained,  and  that  it  is  through  this  that  the 
current  travels.     The   conducting-tissue  is    supplied  with  water, 
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in  the  first  instance,  from  that  which  fills  the  non-conducting 
tissue  of  the  wood  (and  the  old  wood  or  duramen,  if  present),  and 
ultimately  bj  the  root.  It  may  be  thought  that  the  suction  due 
to  transpiration  would  be  incapable  of  maintaining  the  current ; 
but  this  difficulty  is  met  by  the  consideration  that  the  water  is 
held  in  position  by  the  capillarity  and  the  cellular  structure  of 
the  tracheidal  tissue,  and  that  the  system  of  columns  of  water 
and  gas-bubbles  does  not  move  as  a  whole,  since  the  latter  cannot 
pass  the  pit-membranes  of  tracheids.  Moreover  the  force  of 
transpiratory  suction  is  considerable,  though  it  has  not  been 
accurately  measured. 

The  Distribution  of  Organic  Plastic  Substances.  These  substances 
may  be  generally  stated  to  consist  of  organic  substances  of  two 
kinds,  nitrogenous  and  non-nitrogenous,  and  these  are  distributed 
through  different  channels. 

1.  The  nitrogenous  substances  travel,  in  plants  or  in  parts  of 
plants  which  are  not  supplied  with  vascular  tissue,  in  the  form 
of  amides  (see  p.  707)  by  osmosis  from  cell  to  cell.  But  in 
vascular  plants  it  is  known  that  they  also  travel  in  the  sieve- 
tissue  from  one  member  of  the  plant  to  another,  in  the  form  of 
indiffusible  proteids.  There  is  no  evidence  that  the  very  slow 
movement  of  the  contents  of  the  sieve-tubes  is  effected  by  any 
special  mechanism  ;  it  appears  to  be  simply  induced  by  the  de- 
mand for  these  substances  at  any  points,  and  it  is  doubtless 
promoted  by  the  swaying  of  the  stem  and  branches. 

2.  The  non-nitrogenous  substances  travel  through  the  plant  in 
the  form  of  glucose  and  maltose  (see  p.  708),  in  solution ;  they 
travel  by  diffusion  from  cell  to  cell,  and  more  especially  in  the 
elongated  parenchymatous  cells,  forming  the  conducting -sheath^ 
which,  in  the  leaf,  consists  of  mesophyll-cells  closely  investing  the 
vascular  bundles,  and,  in  the  stem,  belongs  to  the  inner  cortex. 
This  layer  is  not  the  endodermis,  but  lies  externally  to  it ;  the 
endodermis  frequently  contains  starch-grains,  and  is  sometimes 
termed  the  starch-sheath^  but  it  is  rather  a  depository  than  a  con- 
ducting-tissue. 

The  direction  in  which  organic  substances  travel  in  the  plant 
seems  to  be  determined  simply  by  the  demand  for  them.  Just  as 
the  water  and  the  substances  in  solution  absorbed  by  the  roots 
travel  to  the  transpiring  and  assimilating  organs,  so  the  organic 
substances  produced  in  the  assimilating  organs  travel  in  the 
plant  to  those  parts  in  which  organic  substance  is  either  being 
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used  in  growth,  or  is  being  stored  up  as  reserve  material.  In  a 
Potato-plant,  for  example,  part  of  the  organic  substance  formed 
in  the  leaves  travels  to  the  growing-points  of  the  roots  and  of  the 
shoots,  where  it  is  required  for  the  development  of  new  leaves, 
flowers,  branches,  etc.,  whilst  the  residue  travels  to  the  under- 
ground shoots  which  are  developing  into  tubers  and  are  storing  up 
quantities  of  starch.  Similarly,  these  organic  substances  travel 
apparently  by  the  same  channels  and  in  the  form  of  the  same 
chemical  compounds,  from  organs  which  serve  as  depositories  of 
reserve  material,  when  these  stores  are  drawn  upon  to  supply  the 
growth  of  developing  parts.  For  instance,  when  a  Potato-tuber 
begins  to  sprout,  the  starch,  which  is  the  principal  reserve 
material,  is  drawn  upon,  being  gradually  converted  into  sugar, 
in  which  form  it  travels  to  the  growing-points  of  the  young 
shoots  and  supplies  a  large  proportion  of  the  plastic  material 
necessary  for  their  growth. 

§  9.  Metabolism.  This  subject  will  be  subdivided  into:  1, 
Chemical  Composition ;  2,  Food  of  Plants ;  3,  Anabolism  ;  4,  Cata- 
bolism  ;  5,  Products  of  Metabolism  ;  6,  Supply  and  Expenditure  of 
Energy. 

1.  Chemical  Composition.  As  a  preliminary,  a  general  account 
of  the  chemical  composition  of  plants  will  be  given. 

All  parts  of  living  plants  contain  a  considerable  quantity  of 
water :  this  forms  not  merely  the  principal  constituent  of  the  cell- 
sap,  but  also  saturates  the  cell-walls,  the  protoplasm,  in  short,  all 
organised  structures;  it  is,  in  fact,  one  of  the  peculiarities  of  or- 
ganised structures  that  minute  particles  of  water  are  interposed 
between  the  particles  of  solid  matter  of  which  they  consist.  By 
heating  to  100°  or  110°  C,  all  the  water  contained  in  any  part  of 
a  plant  is  expelled,  and  in  consequence  it  will  naturally  lose 
weight.  The  amount  of  this  loss,  that  is,  the  quantity  of  contained 
water,  is  very  different  in  various  plants  ;  ripe  seeds  dried  in  the 
air  contain  from  12  to  15  per  cent,  of  water,  herbaceous  plants  60 
to  80  per  cent.,  and  many  water-plants  and  Fungi  as  much  as 
95  per  cent,  of  their  whole  weight. 

The  residue,  which  gives  off  no  more  water  at  a  heat  of  100°  C, 
the  dry  solid,  consists  of  a  great  variety  of  chemical  compounds ; 
these  are  partly  organic,  that  is  to  say,  combinations  of  carbon 
with  other  elements,  and  partly  inorganic.  These  organic  sub- 
stances which  occur  in  the  living  plant  (with  the  exception  of 
salts  of  oxalic  acid)  all  contain  hydrogen.     Some  of  them,  such  as 
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many  oils,  consist  of  these  two  elements  only  (carbon  and  hydro- 
gen), but  by  far  the  greater  number,  including  cellulose,  starcb, 
and  sugar,  as  well  as  the  vegetable  acids  and  certain  oils,  contain 
oxygen  also.  The  proteid  substances  consist  of  carbon,  hydrogen, 
oxygen,  nitrogen,  sulphur,  and  sometimes  phosphorus ;  in  other 
bodies  which  contain  nitrogen,  as  asparagin  and  many  alkaloids, 
there  is  no  sulphur  or  phosphorus;  from  certain  other  alkaloids, 
for  instance  nicotin,  oxygen  is  also  absent. 

The  commoner  organic  substances  of  which  the  plant-body 
consists  may,  in  the  first  instance,  be  divided  into  those  which 
do  and  those  which  do  not  contain  nitrogen  in  their  molecule. 

The  most  important  nitrogenous  substances  may  be  classified  as  follows : — 

1.  Proteidii :  these  are  substances  with  a  large  molecule  of  complex  constitu- 
tion, to  which  no  chemical  formula  has  yet  been  assigned  ;  they  may  be  soluble 
or  insoluble  in  water,  and  when  soluble  are  mostly  indiffusible  ;  they  are  gener- 
ally of  a  viscid  nature  (like  white  of  egg)  and  are  rarely  crystallisable.  Of  these 
there  are  several  varieties  : — 

a.  Insoluble  Proteids :  do  not  dissolve  even  in  dilute  acids  or  alkalies  :  e.g. 

coagulated  proteid. 

b.  Albuminates :  insoluble  in  water  or  solutions  of  neutral  salts,  but  soluble 

in  dilute  acids  or  alkalies,  sometimes  soluble  in  dilute  alcohol :  e.g. 
gluten  of  wheat. 

c.  Globulins :  msoluble  in  water,  but  soluble   in  solutions  of  neutral  salts 

(such  as  NaCl)  and  coagulated  on  boiling,  sometimes  crystallisable  : 
these  enter  largely  into  the  composition  of  aleuron  (see  p.  112) ;  the 
crystalloids  in  the  potato  and  in  some  aleuron-grains  {e.g.  Ricinus, 
BerthoUetia)  consist  of  a  kind  of  globulin  (vitellin). 

d.  Albumins  :  soluble  in  water,  coagulated  on  boiling  :  rare. 

e.  Albumoses  :  soluble  in  water,  not  coagulated  on  boiling,  but  precipitated  by 

a  small  quantity  of  nitric  or  acetic  acid,  and  soluble  in  excess :  a  common 
constituent  of  aleuron. 
/.  Peptones  :  soluble  in  water,  not  precipitated  by  boiling  or  by  acids  ;  present 
in  germinating  seeds. 

2.  Amides  (or  Amido-acids)  :  these  substances  are  soluble  in  water,  not 
coagulated  on  boiling,  diffusible,  and  crystallisable.  Those  commonly  occurring 
in  plants  are  Asparagin  (C4H8N2O3),  Leucin  (<^i2H23N204),  Tyrosin  (C9H11NO3). 

3.  Alkaloids:  these  substances  are,  chemically,  organic  bases,  occurring  in 
plants  in  combination  with  organic  acids ;  they  are  insoluble  or  but  slightly 
soluble  in  water,  soluble  in  alcohol ;  most  of  them  are  solid  at  ordinary  tem- 
peratures, and  are  crystalline,  whilst  others  are  liquid  (Coniin,  Nicotin) ;  they 
are  generally  poisonous. 

The  more  familiar  alkaloids  are  Coniin  (CgHjjN)  from  Conium  ;  Nicotin 
(CioHi^Nj)  from  Tobacco  ;  Morphin  (CiyHioNOg),  and  other  opium-alkaloids 
from  the  Poppy;  Strychnin  (CoiHj^NoOj)  from  Strychnos  Nux  vomica  ;  Quinin 
(020^21X202)  from  the  Cinchona;  Thein  (C8H10N4O2)  from  Tea;  Theobromin 
(C7  Hg  N4  O2)  from  Theobroma  Cacao. 
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Some  colouring -matters   are   also   nitrogenous  {e.g.  chlorophyll,  and  indigo 
CgHjNO),  as  also  some  glucosides  (see  below). 
The  principal  non-nitrogenouH  substances  are  : — 

1.  Carbohydrates :  substances  consisting  of  C,  H,  and  0,  the  H  and  0  being 
present  in  the  same  proportions  as  in  water  (HgO)  ;  of  these  there  are  the 
following  classes : 

a.  Amylases  :  general  formula  n  (CqH^qO^)  ;  of  these  cellulose  and  starch  are 

the  most  common,  the  former  entering  largely  into  the  composition  of 
cell- walls,  the  latter  occurring  as  a  reserve  material  in  the  form  of  starch- 
grains  ;  they  are  neither  of  them  soluble  in  water  under  ordinary  circum- 
stances :  dextrin  or  ainylin,  a  product  of  the  action  of  diastase  on  starch, 
is  soluble  in  water  but  not  crystallisable  :  inuHn  occurs  in  many  Com- 
positse  and  allied  orders  (Campanulace»,  Lobeliaceee)  in  solution  in  the 
cell-sap ;  it  is  slightly  soluble  in  cold  water  and  is  crystallisable.  The 
gums  and  mucilages  also  belong  to  this  group. 

b.  Sucroses  :    Ci2H220ii  :     soluble  in  water  and  crystallisable  :    cane-sugar 

occurs  in  many  plants  (esp.  Sugar-cane  and  Beetroot) ;  maltose  is  the 
chief  product  of  the  action  of  diastase  on  starch. 

c.  Glucoses  :    CeHjoOe  :    soluble  in  water  and  crystallisable  :    they  occur  in 

fruits  (grape-sugar). 

The  sucroses  and  glucoses  are  commonly  known  as  sugars. 

A  substance  termed  Mannite  {G^-^fi^  occurs  in  the  cell-sap  of  Fraxinus 
Onius  and  some  other  plants  :  though  not  a  carbohydrate,  it  is  closely  allied  to 
this  group  ;  crystallisable,  but  not  readily  soluble  in  water.  The  glucoses  are 
derivatives  (aldehydes)  of  mannite  (an  alcohol). 

2.  Organic  Acids :  these  occur  in  the  plant  either  free  or,  more  commonlj', 
as  neutral  or  acid  salts  in  combination  with  organic  or  mineral  bases ;  some 
are  constituents  of  the  fats  and  fixed  oils  {e.g.  palmitic  and  oleic  acids ;  see 
below) :  the  more  common  are  oxalic  acid  (H2C2O4),  malic  acid  (H2C4H4O5), 
tartaric  acid  (H2C4H4O6),  citric  acid  (H3CeH507). 

3.  Glucosides  :  substances  of  complex  constitution  which  owe  their  name  to 
the  fact  that  they  give  rise,  on  decomposition,  to  glucose  among  other  products: 
such  are  amygdaiin,  C20H27NO11  (seeds,  etc.,  of  many  Kosaceae) ;  coniferin, 
CieHaaOg  (coniferous  wood) ;  my  rosin,  or  myronate  of  potash,  KCioHiaNSgOio 
(seeds  of  Mustard) ;  salicin,  C12H18O7  (in  bark  of  Willows  and  Poplars) ;  gallo- 
tannin,  O-^^.^^O.^^  (in  Oak-bark). 

Though  some  of  these  substances  {e.g.  amygdaiin  and  myrosin)  contain 
nitrogen,  it  is  more  convenient  to  classify  them  with  the  more  numerous  non- 
nitrogenous  glucosides. 

4.  Fats  and  Fixed  Oils  :  these  substances,  as  they  occur  in  the  seeds  and 
fruits  of  plants,  are  mixtures  of  free  fatty  acids  with  glycerin-compounds 
(glycerides)  of  fatty  acids ;  thus  palm-oil  is  a  mixture  of  palmitic  and  oleic 
acids  with  their  plycerides  palmitin,  C3H5(Ci,5H3iO)303,  which  is  a  solid  fat, 
and  olein,  C3H5(Ci8H330)303,  which  is  a  fluid  fat  or  oil :  olive-oil  consists 
chiefly  of  olein  with  some  palmitin  :  castor-oil,  of  ricinolein  (the  glyceride  of 
ricinoleic  acid)  and  stearin  (the  glyceride  of  stearic  acid):  linseed-oil,  of  linolein 
(the  glyceride  of  liuoleic  acid)  and  palmitin. 

5.  Essential  or  Volatile   Oils  ;    these  substances  occur  in  various  parts  of 
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plants  (flowers,  fruit,  etc.),  and  it  is  to  thein  that  the  odours  of  plants  are 
chiefly  due.  They  usually  consist  of  a  mixture  of  oxygenated  compounds  with 
hydrocarbons  of  either  the  formula  C^jHu.  (terpenes)  or  C15H24 :  many  of  the 
oxygenated  compounds  are  solids  held  in  solution  in  the  liquid  hydrocarbon  ; 
thus,  turpentine  (from  Conifers)  is  a  solution  of  reifin  (or  abietic  anhydride, 
C44He204)  in  the  terpene  called  terebene ;  camphor-oil  consists  of  camphor 
(CjoHnjO),  a  solid  substance,  dissolved  in  a  terpene  ;  oil  of  cloves  consists 
chiefly  of  eugenol  (CjoHi^Oa)  with  a  hydrocarbon  C15H24.  Some  essential  oils 
consist  simply  of  a  single  substance  the  composition  of  which  is  various  ;  thus, 
oil  of  bitter  almonds  is  an  oxygenated  substance,  C7HgO  (benzoic  aldehyde); 
oil  of  mustard  is  a  sulphur-containing  nitrogenous  substance,  CsHs.NCS  (allylic 
isothiocyanate). 

Allied  to  these  hydrocarbons  are  the  solid  substances  caoutchouc  and  gutta- 
percha which  occur  in  milky  latex  :  they  have  the  composition  ^(CsHg). 

The  organic  compounds  can  for  the  most  part  be  resolved  into 
volatile  products — chiefly  carbonic  acid,  water,  and  nitrogen — by 
exposure  to  great  heat  with  free  access  of  air,  that  is,  by  combus- 
tion. The  inorganic  residue  is  a  white,  or,  if  the  combustion  is 
imperfect,  a  grey  powder,  the  ash. 

As  the  result  of  chemical  processes  attending  the  combustion, 
the  sulphur  and  phosphorus  previously  contained  in  the  organic 
compounds  appear  as  sulphates  and  phosphates  in  the  ash,  and  the 
carbonic  acid  formed  during  combustion  combines  with  some  of 
the  inorganic  substances.  These,  therefore,  must  not  be  included 
in  an  accurate  estimate  of  the  constituents  of  the  ash. 

The  ash  usually  constitutes  but  a  small  percentage  of  the  whole 
dry  solid  of  the  plant.  The  amount  of  ash  increases  with  the  age 
of  the  plant,  or  of  any  part  of  it,  inasmuch  as  there  is  no  appreci- 
able excretion  by  the  plant  of  the  mineral  substances  absorbed. 
The  percentage  of  ash  in  the  dry  solid  of  the  plant,  or  of  any 
organ,  may  vary  widely  at  different  times.  The  following  analyses 
of  various  portions  of  plants  will  give  an  idea  of  its  amount  and 
composition  : — 
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2.  The  Food  of  Plants.  The  constituents  of  the  ash  do  not 
form  a  merely  accidental  mixture  ;  it  has  been  proved  by  experi- 
ment that  certain  inorganic  compounds  are  absolutely  necessary 
to  the  life  of  the  plant.  Those  chemical  elements  which  the 
plant  requires  for  its  nutrition,  and  which  must  therefore  be  re- 
garded as  part  of  its  food,  are  : — 

I.  Non-metallic  Elements  : — Carbon,  hydrogen,  oxygen,  nitro- 
gen, sulphur,  phosphorus,  and  perhaps  chlorine.  It  must, 
however,  be  clearly  understood  that  all  these  elements 
also  exist  in  the  plant  to  some  extent  as  inorganic  com- 
pounds, carbonates,  nitrates,  phosphates,  sulphates,  of  the 
metals  mentioned  below. 
II.  Metallic  Elements  : — Potassium,  calcium,  magnesium,  iron. 

Besides  these  we  find  in  the  ash  of  many  plants — though  they 
cannot  be  regarded  as  essential  to  nutrition — the  following  ele- 
ments :  sodium,  lithium,  manganese,  silicon,  iodine,  bromine,  and 
in  rare  cases,  also  aluminium,  copper,  zinc,  cobalt,  nickel,  stron- 
tium, and  barium.  Fluorine  must  also  exist  in  vegetables,  for  it 
is  found  in  a  perceptible  quantity  in  the  dentine  of  animals  which 
feed  directly  or  indirectly  on  vegetables. 

The  essential  elements  of  the  food  will  now  be  severally  dis- 
cussed. 

Carbon.  Plants  which  possess  chlorophyll  obtain  their  carbon 
mainly  from  the  air  (or,  in  the  case  of  submerged  plants,  from  the 
water)  in  the  form  of  carbon  dioxide.  The  absorption  of  carbon 
dioxide  is,  however,  limited  to  those  cells  which  actually  contain 
chlorophyll,  and  it  can  only  go  on  even  in  those  cells  so  long  as 
they  are  exposed  to  sufficiently  intense  light. 

Although  plants  possessing  chlorophyll  can  and  do  use  carbon  dioxide  as 
carbonaceous  food,  yet  there  is  reason  to  believe  that  they  may  supplement  this 
by  absorbing  more  complf  x  carbon-compounds  from  the  soil  by  their  roots. 
Thus,  a  remarkable  case  of  symbiosis  (see  p.  273),  has  been  observed  in  various 
plants  (especially  trees  belonging  to  Corylaceae  and  Fagaceae)  :  the  absorbent 
region  of  the  roots  is  more  or  less  closely  covered  by  a  felt-work  of  fungus- 
mycelium,  the  whole  structure  being  termed  mycorhiza  :  itis  suggested,  and  the 
suggestion  is  based  principally  on  the  fact  that  the  development  of  the  mycorhiza 
is  the  more  marked  the  richer  the  soil  in  decomposing  organic  matter  (humus), 
that  the  fungus  jaromotes  the  absorption  of  the  organic  matter  by  the  roots  oL 
the  tree.  In  certain  other  cases  {e.g.  Drosera,  Dionoea,  Utricularia,  etc.),  green 
plants  are  provided  with  a  special  mechanism,  in  the  form  of  modified  leaves, 
for  obtaining  a  supply  of  organic  carbon-compounds.    Such  plants  are  said  to  be 
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carniromus.  The  case  of  Drosera  may  be  selected  for  illustration.  The  upper 
surface  and  the  margin  of  a  leaf  of  this  p^ant  bears  numerous  glandular  appen- 
dages, the  tentacles  (see  Fig.  42,  p.  66).  The  glands  at  the  ends  of  the  tentacles 
continually  excrete  a  viscid  liquid.  When  an  insect  comes  into  contact  with 
one  of  the  marginal  glands,  it  sticks  to  it ;  this  stimulates  the  tentacle,  and  it 
moves,  curving  inwards  to  the  centre  of  the  leaf,  and  gradually  the  other 
marginal  tentacles  incurve  over  the  insect  (Fig.  42  B).  The  glands  then  secrete 
an  acid  liquid  containing  a  digestive  ferment  which  acts  upon  and  dissolves  the 
soft  parts  of  the  insect,  and  the  products  of  this  digestion  are  absorbed. 

Plants  which  do  not  possess  chlorophyll  are  incapable  of  using 
carbon  dioxide  as  carbonaceous  food,  but  require  more  complex 
carbon- compounds.  Such  plants  are,  all  Fungi,  and  among  the 
higher  plants,  Cuscuta  (Dodder),  Orobanche  (Broomrape),  Neottia, 
etc.,  though  in  some  of  these  latter,  a  small,  but  altogether  insig- 
nificant quantity  of  chlorophyll  has  been  detected.  These  plants 
absorb  the  complex  carbon-compounds  Avhich  they  require,  either 
from  living  animals  and  plants,  or  from  the  decaying  remains  of 
animals  and  plants  :  in  the  former  case  they  are  termed  parasiteSj 
in  the  latter  saprophytes. 

The  most  common  parasites  are  those  which  are  nourished  by  other  plants, 
termed  hosts,  and  each  parasite  has  its  own  peculiar  host,  and  possess  peculiar 
root-like  organs,  the  hatistoria  (see  p.  66),  by  which  they  are  attached  to  the 
host  and  absorb  their  nutriment.  They  frequently  have  a  prejudicial  effect 
upon  the  host,  and  sometimes  cause  malformations,  such,  for  instance,  as  the 
'*  witches'  brooms  "  in  the  Silver  Fir,  which  are  produced  by  a  parasitic  rust- 
fungus,  the  JEcidium  elatinum.  Less  common  are  parasites  on  animals,  such 
as  the  Schizomjcetes  (Bacteria,  etc.),  which  cause  various  diseases,  and  other 
Fungi,  like  Entomophthora,  which  is  parasitic  on  flies,  and  Cordyceps,  which 
is  parasitic  on  caterpillars. 

Some  of  these  parasites,  Cordyceps  for  instance,  can  live  saprophytically  to 
some  extent ;  these  are  potential  saprophytes.  On  the  other  hand,  there  are 
potential  parasites,  that  is,  plants  which  can  live  almost  as  well  parasitically  as 
saprophytically,  such  as  Agaricus  melleus,  which  grows  equally  on  living  trees 
and  on  dead  logs. 

It  is  remarkable  that  certain  plants  which  possess  chlorophyll  are  nevertheless 
parasitic  in  habit ;  for  instance,  Viscum  (the  Mistletoe)  which  is  parasitic  on 
various  trees,  Rhinanthns  (the  Rattle)  and  other  Scrophulariacefe,  also  Thesium 
(Bastard  Toad-flax),  which  are  attached  to  the  roots  of  other  plants  by  their 
haustoria.  The  nutritive  processes  of  these  green  parasites  are  not  yet  fully 
understood,  but  it  seems  probable  that  they  absorb  from  their  hosts  the  sub- 
stances which  they  should  normally  obtain  from  the  soil,  though  in  a  somewhat 
modified  form. 

The  great  majority  of  the  saprophytes  are  Fungi,  such  as  the  various  Agarics 
which  grow  in  the  soil  of  woods  (liumus)  which  is  formed  by  decayed  eaves  and 
is  rich  in  organic  matter ;  the  Moulds  and  Yeasts  which  grow  in  saccharine 
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juices,  or  fruits,  etc. ;  and  Saprolegnia  which  attacks  the  corpses  of  animals. 
Some  of  these  Fungi,  notably  the  Yeasts  and  the  various  kinds  of  Bacteria 
(Schizomycetes),  are  peculiar  in  that  they  not  only  decompose  the  amount  of 
organic  substance  which  they  require  for  their  nutrition,  but  they  give  rise  to 
widespread  decompositions  which  are  known  as  fermentation  and  putrefaction. 
Amongst  the  higher  plants  there  are  many  saprophytes  which  grow  in  soils  rich 
in  humus  :  they  may  be  almost  destitute  of  chlorophyll  {e.g.  Monotropa ; 
Neottia  and  some  other  Orchids) :  or  they  may  possess  it  in  considerable 
quantity  [e.g.  some  Orchids;  Pyrola ;  Ericaceas ;  Diapensiacere),  in  which  case 
they  are  probably  only  partially  saprophytic ;  plants  of  this  kind  grow  mostly 
in  the  leaf-soil  of  forests,  or  in  peat  on  moors. 

Hydrogen.  The  hydrogen  of  the  plant  is  mainly  absorbed  in  the 
form  of  water  (HgO),  but  it  may  also  be  absorbed  in  combination 
with  nitrogen  as  ammonia-compounds  (NH3),  and  also  in  com- 
bination with  carbon  when  complex  carbon-compounds  are 
absorbed  by  the  plant. 

Oxygen  is  absorbed  in  combination  with  carbon,  as  CO2,  and 
with  hydrogen,  as  H2O,  and  in  many  of  the  inorganic  salts  of  the 
food,  such  as  sulphates,  phosphates  and  nitrates,  as  well  as  in  more 
complex  carbon-compounds.  Oxygen  is  also  absorbed  uncombined, 
in  connexion  with  the  catabolic  processes,  in  respiration. 

Nitrogen,  which  is  an  essential  constituent  of  proteid  substan- 
ces, is  only  exceptionally  assimilated  in  the  free  form ;  although 
it  is  present  in  large  quantities  in  the  atmosphere,  a  plant  perishes 
if  the  soil  in  which  it  grows  contains  no  compounds  of  nitrogen. 
Nitrates  and  compounds  of  ammonia  are  widely  distributed,  and 
it  is  in  this  form  that  nitrogen  is  mainly  taken  up  by  plants  ;  it 
seems  probable  that  plants  possessing  chlorophyll  absorb  their 
nitrogen  in  the  form  of  nitrates  only. 

Although  it  is  usual  to  manure  green  crops  with  ammonia-compounds  (e.g. 
sulphate  of  ammonia),  the  nitrogen  is,  nevertheless,  absorbed  in  the  form  of 
nitrates.  For  there  exist  in  the  soil  certain  Schizomycetes,  termed  Nitro- 
bacteria, which  oxidise  the  ammonia-compoun.ls  present  to  nitrites,  and  these 
again  to  nitrates.     This  oxidising  process  is  termed  nitrijicatiou. 

Nitrogen  may  be  also  absorbed,  at  any  rate,  by  parasites,  sapro- 
phytes, and  carnivorous  plants,  in  the  form  of  nitrogenous  carbon- 
compounds  (see  pp.  710,  692). 

Although  it  is  generally  true  that  plants  cannot  assimilate  uncombined  nitro- 
gen, nevertheless  certain  plants  (Papiliouere,  such  as  Peas,  Beans,  etc)  will 
grow  and  flourish  in  a  soil  from  which  all  traces  of  nitrogeu-compounds  have 
Leen  carefully  removed.  The  nature  of  the  means  by  which  this  result  is  at- 
tained is  not  yet  completely  determined,  but  the  principal  facts  are  briefly  as 
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follows.  In  the  first  place,  the  roots  of  these  papilionaceous  plants  have  been 
found  to  bear  peculiar  gall-like  outgrowths  termed  tubercles,  which  seem  to 
be  more  numerous  and  larger  tbe  smaller  the  proportion  of  combined  nitrogen 
contained  in  the  soil.  The  tubercles  are  the  result  of  the  attack  of  a  fungus  i 
which  penetrates  into  the  root  through  the  root-hairs.  The  green  plant  and  \ 
the  fungus  appear  to  exist  in  a  state  of  symbiosis  (p.  273),  as  in  the  case  of  the 
mycorhiza  already  mentioned,  with  the  result  that  tbe  green  plant  is  adequately 
supplied  with  combined  nitrogen  although  growing  in  a  soil  from  which  such 
compounds  are  originally  absent.  In  explanation  of  these  facts  there  can,  first, 
be  no  doubt  that  the  supply  Of  combined  nitrogen  obtained  by  the  green  plant 
is  ultimately  derived  from  the  free  nitrogen  of  the  atmosphere ;  and,  secondly, 
that  the  supply  is  not  obtained  from  the  atmosi^here  directly  by  the  leaves,  but 
indirectly  by  the  roots  through  the  soil.  Nor  can  there  be  much  doubt  that  the 
tubercles  are  associated  with  the  process  of  the  assimilation  of  the  free  nitro- 
gen :  but  it  is  a  question  whether  this  process  takes  place  in  ihe  tubercle  itself ; 
or  whether  it  is  not  carried  on  in  the  soil  by  a  Schizomycete,  which  may  either 
be  derived  from  the  tubercles,  or  be  an  independent  organism.  It  seems  prob- 
able that  the  latter  suggestion  is  nearer  the  truth.  It  is,  in  fact,  known  that 
a  bacterioid  organism  exists  in  the  soil  having  the  property  of  forming  nitro- 
genous compounds  from  free  nitrogen  in  the  presence  of  non-nitrogenous  organic 
substance  [e.g.  glucose).  It  may  be  that  the  development  of  this  organism  is 
especially  favoured  by  the  presence  of  the  tubercular  roots  of  the  Papilioneffi 
in  the  soil,  and  that  the  nitrogenous  substances  which  it  produces  are  absorbed 
by  tbe  roots  after  having  undergone  nitrification  (see  p.  712). 

The  tubercles  are  structures  formed  by  the  hypertrophy  of  the  cortex  of  tbe 
root,  resulting  from  the  attack  of  tbe  fungus  at  various  points  :  their  cells  are 
rich  in  sugar  and  starch  :  the  branches  of  the  mycelium  penetrate  most  of  the 
cells,  and  there  bud  ofif  innumerable  gemmules  (sometimes  called  bacterioids). 
The  tubercle  eventually  becomes  disorganised ;  the  gemmules  are  then  set 
free  into  the  soil,  and  are  doubtless  the  means  by  which  other  roots  become 
attacked  by  the  fungus. 

Sulphur,  which  is  a  constituent  of  proteids  and  a  few  other 
substances  occurring  in  plants,  such  as  oil  of  Mustard,  is  derived 
from  the  sulphates  of  the  soil. 

Phosphorus  is  absorbed  from  the  soil  in  the  form  of  phosphates, 
and  enters  into  the  composition  of  some  of  the  proteid  substances; 
phosphates  constitute  a  large  proportion  of  the  ash  of  seeds. 

As  regards  Chlorine,  it  has  been  experimentally  proved  so  far  to 
be  indispensable  in  the  case  of  one  plant  only,  the  Buckwheat 
(^Polygonum  Fagopyrum). 

Iron,  though  it  is  met  with  in  very  small  quantities,  is  absolutely 
necessary  for  the  formation  of  chlorophyll.  The  leaves  produced 
by  plants  which  are  not  supplied  with  iron  during  their  growth, 
are  white  so  soon  as  their  own  store  of  iron  is  exhausted  ;  these 
leaves,  which  are  said  to  be  chlorolic,  become  green  in  consequence 
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of  the  formation  of  chlorophyll  if  the  soil  be  supplied  with  iron, 
or  even  if  their  surface  is  washed  with  a  very  weak  solution  of 
iron. 

Potassium  is  found  in  plants  in  the  form  of  salts  combined  with 
various  organic  acids,  as  tartaric  acid,  malic  acid,  and  oxalic  acid. 
Unless  the  soil  contains  potassium-compounds,  the  assimilation  of 
carbon  dioxide  by  plants  possessing  chlorophyll  does  not  go  on, 
as  is  shown  by  the  fact  that,  under  these  circumstances,  the  plant 
does  not  increase  in  dry  weight.  Potassium-salts  are  especially 
abundant  in  those  parts  of  the  plant  which  are  rich  in  carbo- 
hydrates such  as  starch  and  sugar,  as  in  potatoes,  beet-roots,  and 
fruits. 

Calcium  and  Magnesium  have  been  shown  to  be  necessary  to  the 
normal  development  of  plants :  they  are  absorbed  as  nitrates,  phos- 
phates and  sulphates,  and  thus  serve  as  bases  for  the  absorption 
of  these  other  important  elements.  Little  is  known  as  to  their 
direct  use  :  they  may  be  of  importance  in  neutralising  the  organic 
acids  (especially  oxalic)  formed  in  the  plant;  and  calcium,  at 
least,  is  of  importance  in  connexion  with  the  distribution  of  carbo- 
hydrates in  the  plant.  They  occur  in  the  plant  as  salts  of  lime 
and  magnesia  in  combination  with  both  organic  and  inorganic 
acids. 

It  has  been  discovered  by  experimental  cultures,  that  a  plant 
can  be  perfectly  nourished  if  it  is  supplied  with  all  those  elemen- 
tary substances  which  have  been  enumerated  as  essential.  This 
might  be  done,  for  instance,  by  growing  it  in  a  watery  solution  of 
either  of  the  two  following  groups  of  chemical  compounds : 

1.  2. 

Calcium  nitrate  Calcium  nitrate 

Potassium  nitrate  Ammonium  nitrate 

Potassium  superphosphate  Potassium  sulphate 

Magnesium  sulphate  Magnesium  phosphate 

Ferrous  phosphate  Ferrous  chloride. 
Sodium  chloride. 

In  these  two  mixtures,  as  well  as  in  others  of  the  same  acids  and 
bases  which  might  be  formulated,  all  the  essential  elements  are 
included  in  forms  suitable  for  absorption  ;  the  proportion  of  mixed 
salts  should  not,  however,  exceed  about  "3%  by  weight  of  the 
liquid. 
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4  3  12  5 

Fio.  471.— Water-cultures  of  Buckwheat  (after  Nobbe). 


No.  1.  Plant  grown  in  normal  solution. 


without  potassium. 

with  sodium-salts  instead  of  potassium. 

without  calcium. 

without  nitrates  or  salts  of  ammonia. 


This  method  of  experimental  culture,  which  is  known  as  water- 
culture,  has  been  of  the  greatest  service  in  determining  which  are 
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the  essential  mineral  elements  of  the  food,  and  of  ascertaining  the 
physiological  significance  of  these  elements  in  the  metabolism  of 
the  plant. 

The  following  is  a  brief  account  of  the  non-essential  mineral 
constituents  of  the  food. 

Silicon,  is  absorbed  from  the  soil  as  silica  (SiO.^)  or  as  silicates. 
It  cannot  be  regarded  as  of  nutritive  importance,  since  plants 
which  are  usually  rich  in  silica  can  be  brought  to  an  apparently 
normal  development  under  conditions  which  render  the  absorption 
of  silica  impossible.  It  is  usually  deposited  it  the  cell- walls,  as  iil 
Diatoms,  Equisetum,  many  Grasses,  etc. 

Iodine  and  Bromine  are  found  in  the  many  marine  plants, 
especially  in  Algae,  and  are  prepared  from  them  ;  it  is  not  known 
that  they  are  of  any  value  in  the  economy  of  the  plant. 

Sodium,  being  universally  distributed,  is  found  in  plants. 

Lithium  occurs  in  the  ash  of  several  plants,  particularly  in 
Tobacco. 

Zinc,  Copper,  and  other  metals,  though  they  are  not  commonly 
present  in  the  ash  of  plants,  are  nevertheless  taken  up  by  plants 
from  soils  which  are  rich  in  them ;  from  this  it  appears  that 
plants  may  absorb  substances  which  are  not  necessary  and  may 
be  even  injurious. 

3.  Anaholism.  Under  this  term  are  included  all  the  chemical 
processes  going  on  in  the  plant  which  lead  to  the  formation  of 
complex  substances  from  simpler  ones  (p.  669).  Of  these,  those 
which  are  undergone  by  the  food  of  the  plant  constitute  assimi- 
lation. 

In  the  case  of  plants  which  contain  chlorophyll,  the  first  step 
in  the  assimilation  of  the  food  is  the  construction  of  a  carbon- 
molecule  which  contains  hydrogen  and  oxygen.  The  process  may 
be  represented  by  the  following  equation 

That  some  process  of  the  kind  takes  place  is  proved  by  the  fact 
that  when  green  plants  are  placed  under  the  necessary  conditions, 
that  is,  when  they  are  supplied  with  carbon  dioxide,  with  water 
and  with  salts  from  the  soil,  and  are  exposed  to  light,  they  gain  in 
weight  in  consequence  of  an  increase  in  the  amount  of  their  dry 
organic  substance,  and  they  give  off  oxygen.  Moreover,  the 
volume  of  the  free  oxygen  evolved  is  actually  equal  to  that  of  the 
carbon  dioxide  absorbed,  as  indicated  in  the  equation. 
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There  are  three  points  connected  with  the  performance  of  this 
process  which  require  special  notice :  the  part  plajed  bj  the 
mineral  food,  the  action  of  light,  the  function  of  chlorophyll. 

With  regard  to  the  first  point,  it  appears  that  the  process  in 
question  cannot  be  performed  unless  potassium-salts  are  supplied 
to  the  plant.  There  is  no  reason  to  believe  that  this  metal  takes 
any  direct  part  in  the  process  ;  but  it  has  an  indirect,  though  none 
the  less  well-marked  effect  upon  it  (see  p.  714). 

The  importance  of  exposure  to  light  is  briefly  this.  The 
chemical  process  represented  in  the  foregoing  equation  is  one  which 
involves  the  doing  of  work  ;  for,  from  the  simple  and  stable  mole- 
cules, CO2  and  HoO,  a  more  complex  and  less  stable  molecule  CHoO 
is  produced.  Work  cannot  be  done  without  energy,  and  the  plant 
cannot  evolve  in  itself  the  energy  necessary.  It  avails  itself,  there- 
fore, of  the  kinetic  or  radiant  energy  of  the  sun's  rays.  Hence 
the  importance  of  exposure  to  light  is  that  the  plant,  by  absorbing 
the  light-rays,  obtains  the  energy  required  for  the  chemical  work 
which  has  to  be  done. 

Next,  as  to  the  function  of  chlorophyll.     The  function  of  chloro- 
phyll is  to  serve  as  the  means  by  which  the  rays  of  light  are 
absorbed,  and  their  energy  made  available  for  the  performance  of 
the  chemical  work  by  the  protoplasm  with  which  the  chlorophyll  1 
is  associated.     When  light  which  has  passed  through  a  solution  of  I 
chlorophyll  is  examined  with  a  spectroscope,  the  spectrum  is  seen  1 
to  present  certain  dark  bands,  known  as  absorption-bands,  in  the  ( 
red,  yellow,  green,  blue,  and  violet,  the  band  in  the  red  being  the 
most  conspicuous.     These  bands  indicate  that  certain  of  the  rays 
of  the  solar  spectrum  do  not  pass  through  the  chlorophyll,  but  are 
arrested  and  converted  into  another  form  of  energy.     It  is  this 
energy   which,  in  the  living  plant,  the  chlorophyll   places  at  the 
disposal  of  the  protoplasm  for  the  construction   of   an    organic 
molecule  out  of  carbon  dioxide  and  water,  as  expressed  in  the  fore- 
going equation.     Protoplasm  without  chlorophyll  is  incapable  of* 
making  use  of  the  kinetic  energy  of  the  rays  of  light  for  the  peri 
formance  of  this  chemical  work. 

The  product  of  this  process  of  carbon-assimilation  is  (as  indi- 
cated in  the  foregoing  equation)  a  non-nitrogenous  organic  sub- 
stance having  the  composition  of  a  carbohydrate.  A  leaf  which 
is  actively  assimilating  carbon  under  the  influence  of  light  is 
generally  found  to  contain  relatively  large  quantities  of  carbo- 
hydrate, in  the  form  either  of  sugar  or  starch. 
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The  performance  of  this  process  can  be  readily  demonstrated. 
If  a  water-plant  {e.g.  a  leaf  of  Fotamogeton  natans,  or  a  portion  of  the 

shoot  of  Elodea  canadensis)  be 
placed  in  water  which  holds 
carbon  dioxide  in  solution,  and 
be  exposed  to  sunshine,  it  will 
be  seen  that  from  the  cut  sur- 
face of  the  leaf  or  stem  bubbles 
of  gas  are  given  off  at  regular 
intervals  (Fig.  475).  These 
consist  of  oxygen. 

Fig.    475.— Evolution  of  oxygen  from  a  "^  " 

water-plant  (EloAm  canadensis) ;  a  the  cut  The  relation  of  light  and  of  chloro- 

stem ;  g  a  weight  that  keeps  the  stem  in  its  ^  jj  ^^  ^^^  evolution  of  oxygen  by  a 
place ;  0  the  gas-bubbles  rising  from  the  cut  ,      ^.      ^  .,  .      ,     .,,      ^     ^    -,  . 

.  green  plant  is  strikingly  illustrated  by 

means  of  an  aerobic  Bacterium  {Bac- 
terium Termo),  which  is  highly  sensitive  to  the  presence  of  oxygen.     If  a  fila- 
mentous Alga  be  placed  under  a  cover-slip  on  a  slide  under  the  microscope,  in 
water  containing  numerous  Bacteria,  the  Bacteria  will  be  seen  to  collect  along 
the  filament,  attracted  by  the  free  oxygen  which  is  being  evolved.     The  same 
preparation  will  serve  to  show  which  are  the  rays  of  light  most  active  in  the 
process.     If,  instead  of  ordinary  white  light,  a  spectrum  be  reflected  by  the 
mirror  of  the  microscope  on  to  the  slide  bearing  the  Alga  and  the  Bacteria,  the 
Bacteria  will  not  be  distributed  uniformly  along  the  filament,  as  in  white  light, 
f  but  will  aggregate  at  certain  points  (more  especially  in  the  red  and  in  the 
I  blue),  which  correspond  with  the  principal  absorption-bands  of  the  chlorophyll- 
'  spectrum. 

The  relation  of  light  and  of  chlorophyll  to  the  formation  of  organic  sub- 
stance by  a  green  plant  can  be  demonstrated  by  the  starch-method.  For 
instance,  if  a  leaf  of  a  starch-forming  plant,  which  has  been  exposed  to  brijjht 
light  for  some  hours,  be  removed,  decolourised  by  alcohol  and  tested  with  iodine, 
it  will  assume  a  dark  blue  colour,  showing  an  abundant  accumulation  of 
starch.     If  a  leaf,  still  on  the  plant,  be  exposed,  not  to  white  light,  but  to  a 

! spectrum,  the  starch  will  be  found  to  have  accumulated  in  these  portions  of  the 
eaf  upon  which  have  fallen  the  rays  of  light  which  correspond  to  the  principal 
ibsorption-bands  of  the  chlorophyll- spectrum. 

The  process  under  consideration  is  one  of  fundamental  impor- 
tance. It  is  the  great  process  in  nature  by  which  organic 
su^bstance  is  constructed,  and  in  which  kinetic  energy  absorbed 
from  without  is  converted  into  the  potential  energy  of  chemical 
combination.  For  the  energy  of  the  rays  of  light  which  is  used  in 
the  construction  of  the  organic  substance  is  not  lost,  but  is  simply 
converted  into  another  form,  and  it  can  be  recovered  by  undoing 
the  chemical  work  which  has  been  perforhped.  When  a  piece  of 
wood  or  of  coal  is  burned,  the  heat  and  the  light  which  are  given 
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out  represent  the  energy  which  was  used  by  the  plant  in  con- 
structing the  organic  substance  of  which  the  wood  and  the  coal 
consist,  and  which  exists  in  them  as  the  potential  energy  of 
chemical  combination.  To  put  the  matter  more  definitely ;  if  the 
organic  substance  which  has  been  formed  by  a  green  plant  under 
the  influence  of  light  according  to  the  equation 

C02  +  HoO  =  CH20  +  02 
be  burned,  the  chemical  process  is  precisely  reversed,  according 
to  the  equation 

CH20  +  02  =  C02  +  H20, 
and  precisely  the  same  amount  of  energy  is  evolved  in  the  kinetic 
state  in  the  second  process,  as  was  stored  up  in  the  potential  state 
in  the  first. 

It  is,  generally    speaking,    only    plants  possessing  chlorophyll, 
which   can  produce  organic  substance.     Inasmuch,  therefore,  as/ 
organisms,  whether  plants  or  animals,  which  do  not  possess  chloro- 
phyll require  for  their  nutrition   more  or  less   complex  organic 
substances,  they  are  entirely  dependent  for  their  food  upon  organ- 
isms which  do  possess  chlorophyll. 

To  this  general  rule  exceptions  are  offered  by  certain  Schizomycetes.  Thus  ^ 
some  Bacteria  {e.g.  B.  photometricum)  contain  a  purple  colouring-matter 
(bacterio-purpurin),  but  no  chlorophyll:  they  are,  however,  capable  of  forming 
organic  matter  with  evolution  of  oxygen  when  exposed  to  light ;  the  bacterio- 
purpurin  appears  to  perform  essentially  the  same,  physical  function  as 
chlorophyll,  though  it  does  nol^  absorb  the  same  rays  of  light.  Again,  other 
Bacteria,  such  as  the  Sulphur-bacteria  (Snlphobacteria),  the  Iron-bacteria  {FerrO' 
bacteria),  and  the  nitrifying  Bacteria  (Nitrobacteria)  produce  organic  substance, 
although  they  possess  no  chlorophyll,  and  do  so  quite  independently  of  light, 
the  necessary  energy  being  obtained  in  other  ways  (see  p.  731). 

This  process  is  also  of  great  importance  in  another  direction. 
All  living  organisms,  speaking  generally,  absorb  free  oxygen  and 
evolve  carbon  dioxide  in  respiration.  Those  organisms  which 
possess  chlorophyll  prevent  the  excessive  accumulation  of  carbon 
dioxide  in  the  atmosphere,  and  keep  up  the  supply  of  free  oxygen, 
in  that,  under  the  influence  of  light,  they  absorb  the  former  gas 
from  the  air,  and  replace  it  by  an  equal  volume  of  the  latter. 

The  characteristic  difference  between  the  anabolic  capacity  of 
plants  which  do  and  of  those  which  do  not  possess  chlorophyll  is 
then  this,  that  the  former  can  produce,  from  carbon  dioxide  and 
water,  assimilable  or  plastic  substances  containing  the  elements 
C,  H,  and  O,  whereas  the  latter  cannot  produce  these,  but  must 

v.  s.  B.  3  a 
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be  supplied  with  them  as  food.  From  this  point  onwards  the 
anabolic  processes  in  the  two  cases  are,  as  far  as  is  known,  identi- 
cal. From  the  simpler  plastic  substances  containing  C,  H,  and  O, 
whether  they  have  been  formed  from  CO2  and  HgO  in  the  one  case, 
or  have  been  absorbed  as  organic  food  from  without  in  the  other, 
other  more  complex  substances  such  as  sugar,  etc.,  are  formed, 
probably  by  the  polymerisation  or  condensation  of  the  simpler 
molecules.  Further,  the  nitrogen  of  the  food,  absorbed  either  as 
nitrates  or  salts  of  ammonia,  is  worked  into  the  anabolic  processes, 
so  that  nitrogenous  organic  substance  is  produced.  Probably  the 
first  formed  nitrogenous  substances  are  comparatively  simple 
crystallisable  substances,  such  as  asparagin  and  leucin,  which 
belong  chemically  to  the  amides  (see  p.  707).  The  next  step  is 
doubtless  the  formation  of  those  more  complex  nitrogenous  sub- 
stances, the  proteids,  and  here  sulphur,  and  phosphorus  in  some 
cases,  is  introduced  into  the  molecule;  and  finally  the  series  of 
assimilatory  processes  concludes  with  the  formation  of  molecules 
of  protoplasm. 

Comparatively  little  is  known  as  to  the  details  of  nitrogenous 
anabolism ;  but  there  is  evidence  to  show  that,  in  green  plants,  the 
assimilation  of  the  nitrates  (see  p.  712),  and  probably  also  of  the 
sulphates  and  phosphates,  of  the  food  can  only  go  on  in  the  pre- 
sence of  light ;  and  when  it  is  borne  in  mind  that  these  salts  are, 
like  carbon  dioxide,  highly  oxidised  substances,  it  is  not  surprising 
that  the  conditions  for  the  reducing  process  in  the  one  case  should 
obtain  also  in  the  others.  And  further,  there  is  evidence  to  show 
that  the  next  step  in  nitrogenous  anabolism,  the  production  of 
proteids  from  amides,  is  also  dependent  not  merely  upon  exposure 
to  light,  but  upon  the  coincidence  of  this  with  the  other  conditions 
necessary  to  the  assimilatory  function.  For  instance,  asparagin 
(whether  formed  anabolically  or  catabolically)  will  accumulate  in 
a  shoot  kept  in  the  dark,  although  carbohydrates  may  also  be  abun- 
dantly present :  it  will  also  accumulate  if  the  shoot  be  exposed  to 
light,  but  in  an  atmosphere  deprived  of  COg :  whereas  it  will  not 
accumulate  in  a  shoot  exposed  to  light  under  conditions  which 
enable  the  shoot  to  assimilate  carbon  dioxide.  How  and  where 
this  formation  of  proteids  from  amides  takes  place  is  not  accu- 
jrately  known.  But  there  is  some  evidence  that,  for  instance,  in 
jthe  leaf  of  a  vascular  plant,  the  process  is  carried  on  in  the  com- 
'panion-cells  of  the  sieve-tissue  or  their  physiological  equivalents. 
It  appears  that  the  amides  formed  in  the  green  assimilating  cells 
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are  collected  into  this  tissue,  and  there  undergo  farther  anabolism 
into  the  proteids  to  be  foand  in  the  sieve-tubes. 

Inasmuch  as  plants  destitute  of  chlorophyll  absorb  their  nitrogenous  food  in 
the  form  of  ammonia- compounds  (see  p.  712)  or  of  organic  nitrogen-compounds, 
it  is  intelligible  that  exposure  to  light  is  not  an  essential  condition  of  their 
nitrogenous  assimilation. 

These  various  assimilatory  processes  are  not,  however,  carried 
on  simultaneously  with  equal  activity.  In  plants  which  contain 
chlorophyll,  when  under  conditions  favourable  for  carbon-assimi- 
lation, the  construction  of  non-nitrogenous  organic  substance  from 
CO2  and  HgO  appears  to  be  the  most  active  process,  for  an  accumu- 
lation of  non-nitrogenous  organic  substance  can  be  detected  in 
the  green  parts  of  these  plants  when  assimilation  is  being  carried 
on.  Most  commonly  this  excess  of  non-nitrogenous  organic  sub- 
stance is  accumulated  in  the  form  of  starch-granules  which  are 
formed  in  the  chloroplastids ;  less  commonly  in  the  form  of  sugar 
which  is  held  in  solution  in  the  cell-sap  (e.g.  leaves  of  Onion). 
This  excess  of  non-nitrogenous  organic  substance  in  the  green 
parts  soon  disappears,  however,  when,  by  withdrawal  from  the 
influence  of  light,  its  further  formation  is  arrested.  For  instance, 
if  a  plant  which  has  been  exposed  to  light  and  whose  leaves  are 
rich  in  starch,  be  placed  in  the  dark  for  some  hours,  the  starch 
will  then  be  found  to  have  almost  or  entirely  disappeared. 

The  organic  substance  resulting  from  the  anabolism  of  the 
plant,  is  partly  used  in  the  growth  of  the  plant,  in  forming  new 
protoplasm,  cell-walls,  etc.,  and  is  partly  stored  up,  in  various 
organs,  in  the  form  of  reserve  materials  which  serve  either  for  the 
growth  of  the  plant  itself  at  a  subsequent  period  (roots,  tubers, 
etc.),  or  for  the  nutrition  of  new  individuals  in  the  early  stages  of 
their  growth  (spores,  seeds,  etc.). 

4.  Cataholism.  Under  this  term  are  included  all  the  chemical 
processes  going  on  in  the  plant  which  lead  to  the  formation  of 
simple  substances  from  more  complex  ones. 

The  chief  physiological  importance  of  the  catabolic  processes  is 
this :  that,  inasmuch  as  they  consist  in  the  decomposition  of 
relatively  complex  and  unstable  substances  into  others  which  are 
relatively  simple  and  stable,  they  necessarily  involve  a  conversion 
of  potential  into  kinetic  energy  ;  and  it  is  by  means  of  the  kinetic 
energy  so  evolved  that  the  plant  exhibits  those  phenomena,  such  as 
growth,  movement,  etc.,  which  characterise  it  as  a  liv^ing  organism. 
The  degree  of  activity  of  life  depends  directly  upon  the  degree  of 
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catabolic  activity  ;  when  catabolism  ceases,  life  ceases  ;  the  organ- 
ism is  dead.  A  good  illustration  of  this  is  afforded  by  the  scarcely- 
perceptible  catabolism  of  seeds,  bulbs,  etc.,  when  quiescent,  and 
their  very  active  catabolism  when  they  begin  to  germinate. 

The  catabolic  processes  of  the  plant  are  carried  on  either  by  the 
iving  protoplasm  itself,  or  by  means  of  certain  substances  formed 
by  the  protoplasm,  which  are  termed  unorganised  ferments  or 
enzjtjmes. 

The  catabolic  processes  carried  on  by  the  protoplasm  are  mainly 
such  as  depend  upon  the  absorption  of  free  oxygen  from  without, 
and  are  accompanied  by  an  evolution  of  carbon  dioxide  ;  in  fact  this 
gaseous  interchange  between  the  plant  and  its  environment,  termed 
^JRespiration,  is  the  external   manifestation  of  the  performance  of 
{these    catabolic   processes.     The   seat   of   these   processes    is    the 
^protoplasm,  and  it  is  mainly  the  molecules  of  protoplasm  that  are 
decomposed  ;  in  other  words,  just  as  the  construction  of  the  pro- 
toplasm-molecule  is    the    ultimate   result   of    anabolism,    so   the 
decomposition  of  the  protoplasm-molecule  is  the  central   fact  of 
catabolism. 

J  The  significance  of  the  absorption  of  free  ox^^gen  in  connexion 
fvvith  catabolism  appears  to  be  this  :  the  chemical  decompositions 
which  constitute  catabolism  involve  a  certain  expenditure  of 
energy,  though  the  amount  thus  expended  is  very  much  less  than 
the  amount  evolved  by  the  decompositions  ;  the  smaller,  then,  the 
the  amount  of  the  energy  expended,  the  greater  will  be  the  amount 
of  available  kinetic  energy  in  the  plant :  now  the  entrance  of  free 
oxygen  into  the  decompositions  facilitates  their  performance,  so  that, 
under  these  circumstances,  the  largest  amount  of  kinetic  energy  is 
evolved  at  the  smallest  initial  expenditure. 

The  reason,  then,  why  most  plants  die  when  they  are  deprived 
of  free  oxygen,  is  that  they  are  unable  to  carry  on,  under  these 
circumstances,  those  catabolic  processes  by  which  the  kinetic 
energy  essential  to  the  maintenance  of  life  is  evolved;  just  as  a 
fire  goes  out,  that  is  the  oxidation  of  the  coal  stops,  under  the 
same  conditions. 

Though  it  may  be  generally  stated  that  living  plants  at  all 
times  absorb  free  oxygen,  and  that  the  maintenance  of  life  depends 
upon  a  constant  absorption  of  free  oxygen,  yet  there  are  excep- 
itions.  There  are,  for  instance,  certain  Fungi,  such  as  Yeast  and 
JBacteria,  which  can  live  in  the  absence  of  free  oxygen.  They  are 
unable,  under  these  conditions,  to  carry  on  what  may  be  termed 
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the  normal  oxidative  catabolic  processes  ;  bat  they  carry  on  other 
processes  of  decomposition  into  which  free  oxygen  does  not  enter, 
provided  that  suitable  material  is  accessible  ;  the  processes  are 
termed  fermentations.  Thus,  Bacteria  cause  putrefaction  and 
other  similar  fermentations  in  the  most  various  organic  substances 
with  which  they  happen  to  come  into  contact.  Similarly  Yeast  is 
the  cause  of  the  alcoholic  fermentation  of  sugar,  which  may  be  re- 
presented by  the  equation 

C6Hi206  =  2C2H60  +  2C02. 
These  fermentative  catabolic  pi-ocesses  involve,  like  the  oxida- 
tive catabolic  processes,  an  evolution  of  kinetic  energy,  but  this 
is,  generally  speaking,  attained  by  a  greater  initial  expenditure. 
Yeast,  for  instance,  certainly  thriKfig,  better  when  it  can  obtain 
free  oxygen  than  when  it  cannot ;  but  many  of  the  Bacteria  have 
become  so  completely  adapted  to  a  life  based  upon  fermentative 

tcatabolism,  that  they  die  if  they  come  into  relation  with  free 
oxygen  (anaerobia). 

Yeast,  Bacteria,  and  other  plants  which  can  excite  fermentation 
are  termed  organised  ferments,  inasmuch  as  they  are  complete 
living  organisms  and  as  their  power  of  exciting  fermentation 
depends  upon  their  being  alive,  in  contradistinction  to  the  un- 
organised ferments  or  enzymes  already  mentioned,  which  are  not 
organisms,  but  simply  chemical  substances  which  may  be  pre- 
pared and  kept  under  conditions  which  would  be  fatal  to  life. 
The  peculiar  properties  of  the  unorganised  ferments  can,  however, 
be  very  readily  destroyed,  as,  for  instance,  by  boiling  or  otherwise 
heating. 

The  chief  kinds  of  enzymes  which  have  been  found  in  plants 
are  : — 

1.  Those  that  act  on  carbohydrates,  converting  the  more 
complex  and  less  soluble  carbohydrates  into  others  of  simpler 
composition  and  greater  solubility. 

2.  Those  that  act  on  fats,  decomposing  them  into  glycerin  and 
fatty  acid. 

8,  Those  that  act  on  glucosides,  glucose  being  a  constant  product. 

4.  Those  that  act  on  the  more  complex  and  less  soluble  proteids, 
converting  them  into  others  which  are  more  soluble  and  probably 
less  complex,  or  decomposing  them  into  non-proteid  nitrogenous 
substances  (amides,  etc.). 

The  chemical  action  of  some  of  these  enzymes  are  illustrated  by  the  following 
equations : — 
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1.  Conversion  of  Etarch  into  sugar  [amylolytic  enzyme,  commonly  termed 
diastase) :  — 

Starch.  Maltose.    Dextrin. 

3  (CgHjoOs)  +  H2O  =  CisHssOn  +  CeHjoOs 

2.  Conversion  of  cane-sugar  into  grape-sugar  (invert  enzyme)  : — 

Cane-sugar.  Dextrose.     Laevulose. 

C12H.22O]  1  -f  HgO  =  CgHjgOg  -f  CgHiaOg 

3.  Action  of  fat-enzyme  : — 

Olein.  Oleic  acid.     Glycerin. 

C57H104O6  +  3H2O  =  3C18H34O2  +  CgHgOg 

4.  Action  of  glucoside-enzyme ;  the  instance  taken  is  the  decomposition  of 
the  glucoside  amygdalin  in  the  Bitter  Almond  by  the  ferment  termed  sijnaptase 
or  emulsin : — 

Amygdalin.     Oil  of  bitter  almonds.  Prussic  acid.     Glucose. 
C2oH27NOii-f2H20     =     C^HgO     -f     HON     +     2(C6Hj206) 

It  will  be  noted  that,  in  every  case,  the  action  of  the  ferment  involves  the 
taking  up  of  one  or  more  molecules  of  water. 

The  action  of  the  enzymes  which  act  on  proteids  {proteolytic  enzymes)  can- 
not be  represented  fey  equations,  inasmuch  as  no  formulae  for  the  various 
proteids  have  at  present  been  arrived  at.  It  may  be  generally  stated  that  fheir 
effect  is,  like  those  of  the  other  forms,  to  induce  decomposition  with  the  assump- 
tion of  water.  The  proteolytic  ferments,  acting  some  in  an  acid  medium,  others 
in  an  alkaline,  convert  the  more  complex  proteids,  such  as  globulins,  into  the 
simpler  peptone;  and  further  cause  the  decomposition  of  peptone  into  amides, 
such  as  asparagin,  leucin,  and  tyrosin. 

The  chief  importance  of  the  unorganised  ferments  in  the 
economy  of  the  plant  is  that  by  their  means  the  reserve  materials, 
which  are  accumulated  to  such  a  large  extent  in  the  form  of 
substances,  such  as  starch,  fat,  cellulose,  proteids  of  aleuron- 
grains,  which  are  either  not  soluble  in  water,  or  if  soluble  are 
only  slightly  diffusible,  are  converted  into  substances,  such  as 
amides  and  certain  sugars,  which  are  both  readily  soluble  and 
diffusible,  and  which  can  therefore  travel  osmotically  from  one 
part  to  another.  For  ipstai^ce.  as  mentioned  above,  the  excess  of 
Icarbohydrate  formed  in  the  leaves  when  they  are  actively  assimi- 
lating, is  commonly  stored  up  in  the  form  of  starch.  This  carbo- 
hydrate is  eventually  conveyed  to  other  parts  of  the  plant ;  but, 
since  starch  is  insoluble,  it  cannot  be  conveyed  in  that  form  ;  it  is, 
in  fact,  converted  into  maltose  by  an  amylolytic  ferment  present 
in  the  leaves,  and  it  is  in  this  form  that  non-nitrogenous  organic 
substance  is  conveyed  away  from  the  leaf  where  it  has  been 
produced.  Other  striking  illustrations  of  the  importance  of 
ferment-action  are  to  be  found  in  the  chemical  changes  going  on 
in  germinating  seeds,  bulbs,  tubers,  etc.     When  a  starchy  seed, 
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or  a  starchy  tuber  like  the  potato,  germinates,  the  starch-grains 
are  gradually  dissolved,  the  starch  being  converted  into  maltose. 
When  the  tuber  of  the  Dahlia  or  Artichoke,  which  contains  inulin 
as  the  non-nitrogenous  reserve  material,  germinates,  the  inulin 
disappears  and  is  gradually  replaced  by  grape-sugar.  When  an 
oily  seed  germinates,  the  oil-drops  become  less  and  less  apparent, 
as  the  oil  is  gradually  decomposed  by  ferment-action  into  glycerin 
and  fatty  acids ;  the  next  step  is  the  formation  of  carbohydrate 
(sugar  or  starch),  probably  from  the  products  of  the  decomposition^ 
of  the  oil,  a  process  which  involves  the  absorption  and  fixation  of 
oxygen,  since  carbohydrates  contain  a  higher  percentage  of  oxygen 
than  does  any  form  of  fat  or  oil ;  and  then,  finally,  any  starch 
so  formed  is  converted  into  sugar.  Similarly,  the  aleuron-grains 
in  a  germinating  seed  gradually  disappear,  the  indiffusible  proteids 
'composing  them  being  decomposed  by  the  action  of  a  proteolytic 
enzyme  into  peptone,  and  then  into  amides,  in  which  form  they 
are  conveyed  osmotically  to  the  growing  embryo.  Finally,  it  is 
obvious  that  the  indiffusible  proteids  which  are  conveyed  from 
part  to  part  in  the  sieve-tissue  of  vascular  plants  (see  p.  705) 
must  eventually  be  distributed  osmotically  in  the  form  of  dif- 
fusible compounds,  probably  amides,  to  the  adjacent  parenchy- 
matous tissues,  and  it  is  probable,  though  not  yet  ascertained,  that 
here  again  a  proteolytic  enzyme  is  involved. 
J  It  is  worthy  of  note  that  the  chemical  decompositions  effected 
\  by  the  agency  of  the  enzymes  do  not  in  volve  either  an  absorption 
1  of  oxygen  or  an  evolution  of  carbon  dioxide,  whe^as  this  is  the 
'  case  in  the  decompositions  effected  by  the  agency  of  living  proto- 
plasm. But  to  the  latter  general  rule  there  are  some  exceptions. 
Thus,  it  has  been  observed  that  succulent  plants,  such  as  Cactaceoe, 
Crassulaceae,  etc.,  absorb  free  oxygen  without  exhaling  any  carbon 
dioxide ;  but  it  has  further  been  found  that,  under  these  circum- 
stances, there  is  an  accumulation  of  organic  acids  (especially 
malic)  in  the  tissues.  The  explanation  is  this:  that,  owing  to 
some  peculiarity  in  their  catabolic  process — possibly  to  the  im- 
perfect aeration  of  their  tissues — instead  of  producing  the  very 
simple  substance  carbonic  acid,  which  would  be  exhaled  in  the 
form  of  the  gas  CO,,  these  plants  produce  more  complex,  less 
highly-oxidised  carbon-acids,  which  are  not  volatile  at  ordinary 
temperatures,  and  which  therefore  remain  in  the  cells  of  the 
plant :  these  acids  (at  least  malic  acid)  subsequently  undergo 
decomposition  under  the  influence  of  light  with  the  formation  of 
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carbohydrates.  Again,  the  decompositions  effected  by  organised 
ferments  (e.g.  alcoholic  fermentation)  commonly  involve  an  evolu- 
tion of  carbon  dioxide  without  any  corresponding  absorption  of 
oxygen. 

I  Respiration.  This  term  is  applied  to  the  gaseous  interchange, 
pconsisting  in  the  absorption^  of  free  oxyg;en  and  the  evolution  of 
jcarbon  dioxide,  which  takes  place  (with  but  few  exceptions)  be- 
tween the  living  plant  and  the  atmosphere,  and  which  may  be 
cegarded  as  the  external  expression  of  the  oxidative  catabolic 
process  going  on  in  the  tissue  of  the  plant.  This  gaseous  inter- 
change goes  on  over  the  whole  surface  of  the  body  ;  but  in  those 
parts  which  possess  stomata  or  lenticels,  it  is  mainly  conducted 
through  these  apertures. 

Respiration  seems  to  be  somewhat  diminished  under  the  in- 
fiuence  of  bright  light;  but  its  activity  is  promoted  by  a  rising 
temperature,  and  to  some  extent  by  greater  moistness  of  the  air. 
The  relation  to  temperature  is  such  that  respiration  takes  place 
at  temperatures  even  slightly  below  0°C.  ;  that  it  increases  in 
intensity  with  a  rise  of  temperature,  but  in  greater  proportion, 
up  to  an  optimum  of  40°-45° ;  and  then  sinks  as  the  temperature 
further  rises  until  the  fatal  degree  is  reached. 

The  relation  of  the  volume  of  the  gases  absorbed  and  evolved 
in  respiration,  that  is,  of  oxygen  and  carbon  dioxide,  is  a  matter 
of  importance.  It  may  be  generally  stated  that  the  relation  is 
definite  and  constant  for  any  given  plant,  or  for  any  part  of  it,  at 
a  given  stage  of  development,  all  other  conditions  being  constant : 
the  proportion  ^^-  may  be  unity,  or  less  or  more  than  unity, 
according  to  the  nature  of  the  plant  under  experiment,  and  is 
not  affected  either  by  temperature  or  by  light. 

As  illustrating  the  possible  extremes  of  variation  in  the  proportion,  the 
following  cases  may  be  mentioned.  In  succulent  plants,  when  in  darkness, 
(see  p.  725)  oxygen  is  absorbed,  but  no  carbon  dioxide  is  evolved:  and  on  the 
'other  hand,  when  Yeast  and  Bacteria,  or  germinating  seeds,  or  parts  of  plants 
(fruits,  leaves,  etc.),  are  kept  in  an  atmosphere  destitute  of  free  oxygen,  they 
evolve  carbon  dioxide  :  again,  at  periods,  such  as  a  certain  stage  in  the  germi- 
nation of  seeds,  the  opening  of  buds  and  flowers,  when  the  activity  of  respira- 
tion is  intense,  the  proportion  '^  is  at  a  maximum,  though  it  rarely  ex- 
ceeds unity,  that  is,  the  evolution  of  COg  is  relatively  large  ;  whereas  during 
periods  of  more  normal  respiratory  activity,  the  proportion  of  carbon  dioxide 
evolved  is  smaller.  The  variations  in  the  proportion  ^3  are  the  expression 
of  the  varying  nature  of  the  catabolic  processes  going  on  during  dififerent  stages 
in  the  life  of  the  plant  or  of  any  of  its  parts. 
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5.  The  Products  of  Metabolism.  Tlie  relation  between  the 
anabolism  and  the  eatabolism  of  the  plant  may  be  generally  stated 
thus,  that  the  construction  of  organic  substance  in  the  former  is 
greater  than  the  decomposition  of  it  in  the  latter,  so  that  on  the 
whole  there  is  an  accumulation  of  organic  substance  in  the  body  of 
the  plant.  The  organic  substance  is  accumulated  to  some  extent 
in  the  actual  structure  or  fabric  of  the  plant,  as  protoplasm  and 
cell-wall,  and  to  some  extent  in  the  form  of  compounds  which 
may  be  present  in  some  or  all  of  the  cells,  but  which  do  not 
constitute  any  portion  of  the  fabric.  These  compounds  may  or 
may  not  be  of  nutritive  value;  in  the  former  case  they  are  termed 
plastic  p'odiicts,  in  the  latter  ivaste-products,  of  metabolism  (see  p. 
670.) 

The  most  important  of  the  plastic  products  are  enumerated  be- 
low. They  are  all  found  accumulated  as  reserve  materials  in 
various  parts  of  plants,  though  some  of  them  (e.g.  amides,  glucose, 
maltose)  are  more  especially  the  forms  in  which  organic  substance 
is  distributed  throughout  the  plant. 

Non-nitrogenous  reserve  materials  : — 

a.  Carbohydrates  ;   in    solid    granules,   starch ;    in   many    seeds,   and 

tubers, 
in  thickened  cell-walls,  cellulose ;  as  in  Date-seed, 

Coffee-seed,  Vegetable  Ivory, 
dissolved  in  cell-sap ;  grape-sugar,  as  in  the  Onion 
and  in  fruits;  cane-sugar,  as  in  tbe  Sugar-cane  and 
the  Beetroot;  inulin,  as  in  the  Jerusalem  Artichoke 
and  Dahlia. 

b.  Fats  ;  in  drops  in  many  seeds  (Rape,  Linseed,  Castor-oil,  Palm,  etc.). 
Nitrogemms  reserve  materials  :  — 

a.  Proteids;  in  solid  granules  (aleuron ;  p.  112),  in  seeds,  more  espe- 

cially oily  seeds  ;  or  in  the  cytoplasm  {e.g.  latex). 

b.  Amides  ;  asparagin,  etc.,  in  solution  in  the  cell-sap  of  bulbs,  tubers, 

bulbous  roots,  etc. 

With  regard  to  the  mode  of  formation  of  these  substances, 
some  of  them  are  certainly  produced  both  synthetically  and  ana- 
lytically, that  is,  both  in  anabolism  and  in  eatabolism,  whereas 
others  are  only  produced  in  one  or  other  of  these  ways. 

Fats  and  Carbohydrates.  There  is  some  evidence  that  fats  are  formed  in  the 
eatabolism  of  protoplasm  :  that  is,  that  in  the  decomposition  of  the  proto- 
plasmic molecule,  fat  is  frequently  one  of  the  products  :  there  is  also  reason  to 
believe  that  the  purely  reserve  carbohydrates,  starch,  cane-sugar,  and  cellulose, 
have  a  similar  origin.  The  other  sugars  (glucose,  maltose)  may  be  formed 
auabolically,  but  are  also  formed  by  enzymes  from  the  reserve  carbohydrates. 
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Organic  acids.  It  is  scarcely  possible  to  make  any  general  statement  as  to 
either  the  origin  or  the  fate  of  these  substances  which  are  so  largely  present 
in  plants.  They  are  probably  formed  mainly  by  normal  oxidative  catabolic 
processes,  but  the  formation  of  some  of  them  (e.g.  oxalic  acid)  is  at  the  same 
time  closely  allied  with  certain  anabolic  processes  in  the  plant :  however,  there 
is  no  doubt  that  they  are  not,  as  was  formerly  held,  ever  formed  synthetically. 
The  more  complex  acids  may  ceitainly  be  looked  upon  as  plastic  substances : 
for,  in  succulent  plants  (see  p.  725)  it  has  been  found  that  the  malic  acid,  which 
accumulates  in  the  tissues  during  darkness,  is  decomposed  by  the  green  parts 
in  the  light,  with  evolution  of  oxygen  and  formation  of  less  highly  oxidised 
organic  substance  (carbohydrate).  In  fact,  the  process  of  assimilation  of  these 
acids  is  essentially  the  same  as  that  of  carbon  dioxide,  the  only  difference  being 
that  carbon  dioxide  is  more  highly  oxidised  than  are  these  more  complex  acids, 
but  the  conditions  of  the  process  are  identical  in  the  two  cases.  These  organic 
acids  are  of  considerable  physiolopical  importance  in  effecting  the  decomposi- 
tion of  the  salts  {e.g.  nitrates,  sulphates,  phosphates)  absorbed  from  the  soil. 

Amides  are  formed  both  in  anabolism  (p.  720),  and  in  catabolism  (p.  725). 

Proteids  may  all  be  formed  in  anabolism ;  and  the  simpler  forms  (peptones) 
in  catabolism.  It  is  a  question  whether  or  not  the  more  complex  proteids  may 
not  be  formed  by  dissociation  of  the  molecule  of  protoplasm. 

The  waste-products  are  most  probably  all  formed  as  the  result  of 
catabolic  processes ;  though  their  formation  is  often  associated, 
both  as  to  time  and  place,  with  active  anabolism.  They  may  be 
classified  into  nitrogenous  and  non-nitrogenous. 

The  principal  nitrogenous  waste-products  appear  to  be  the 
alkaloids  (see  p.  707).  They  are  probably  products  of  the  nitro- 
genous catabolism  of  plants  ;  and  it  is  suggestive  that  they  prin- 
cipally occur  deposited  in  the  cells  of  deciduous  parts,  such  as 
leaves,  seeds,  bark,  etc. 

The  principal  non-nitrogenous  waste-products  are,  water  ;  free 
oxygen  (green  plants  in  light)  ;  carbon  dioxide,  and  some  other 
highly  oxidised  carbon-acids,  such  as  the  oxalic  ;  resins  and  ethereal 
oils,  tannins,  aromatic  substances,  etc. 

Of  these  waste-products,  some  are  retained  in  the  cells  of  the 
plant,  whereas  others  are  thrown  off  or  excreted.  The  nitrogenous 
waste-products  are  deposited  either  in  cells  or  in  the  laticiferous 
tissue:  there  is  practically  no  excretion  of  such  waste-products  by 
plants.  Similarly,  those  of  the  non-nitrogenous  waste-products 
which  are  not  gaseous  at  ordinary  temperatures,  are  retained  by 
the  plant.  For  instance,  oxalic  acid  is  deposited  in  the  form  of 
crystals  of  calcium  oxalate  either  in  the  cavities  or  in  the  walls 
of  the  cells  (see  pp.  108,  113)  :  the  crystals  may  have  either  six 
molecules  of  water  of  crystallisation,  when  they  are  quadratic;  or 
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two  TDolecnle.s,  when  they  are  prismatic  (raphides).  The  resins 
and  ethereal  oils  are  usually  excreted  by  the  cells  in  which  they  are 
formed,  into  intercellular  spaces  (resin-ducts,  oil-glands,  see  p.  138): 
the  tannins  are  mostly  stored  in  cells,  dissolved  in  the  cell-sap. 

Some  general  idea  may  be  formed  as  to  the  relation  of  these  substances  to 
the  catabolic  processes  by  a  consideration  of  the  origin  of  oxalic  acid  and  of 
tannin  in  the  plant :  the  matter  has  been  more  fully  investigated  with  refer- 
ence to  these  substances  than  to  any  others,  and  the  results  in  these  two  cases 
correspond  in  a  remarkable  manner. 

In  the  first  place,  both  these  substances  are  abundantly  formed  in  connexion 
with  active  chemical  change  of  the  plastic  substances  (probably  the  nitro- 
genous) supplying  the  demands  of  a  growing  part :  for  instance  they  are 
abundant  in  seedlings,  in  developing  shoots,  roots,  etc.  This  formation,  which 
is  quite  independent  of  light,  is  distinguished  as  primary,  and  the  calcium 
oxalate  and  the  tannin  thus  formed  remain  permanently  in  the  cells  in  which 
they  are  formed  :  the  primary  calcium  oxalate  is  characterised  by  the  prismatic 
form  (raphides).  A  secondary  formation  of  both  these  substances  takes  place  in 
green  parts  of  plants  exposed  to  light,  in  leaves  for  instance  :  they  are  formed 
so  abundantly  under  these  circumstances  that  they  must  be  continually  trans- 
ported (in  solution  by  osmosis)  from  the  seat  of  formation  to  other  parts,  for 
instance,  from  the  leaves  to  the  stem.  This  secondary  formation  is  associated, 
not  with  the  assimilation  of  carbon  dioxide,  but  with  the  formation  of 
nitrogenous  organic  substance  (see  p.  720)  :  but  though  associated  with  this^ 
anabolic  activity,  the  actual  process  of  formation  of  these  two  substances  is 
'^  probably  not  synthetic,  but  analytic ;  it  is  a  catabolic  process  which  necessarily 
accompanies  the  anabolic. 

The  oxygen  which  is  set  free  in  connexion  with  the  decomposi- 
tion of  CO2  in  the  green  parts  under  the  influence  of  light,  is 
exhaled  in  the  gaseous  form  ;  this  is  also  the  case,  for  the  most 
part,  with  the  watery  vapour  and  the  carbon  dioxide  produced  in 
catabolism.  In  some  cases,  however,  some  portion  of  the  carbon 
dioxide  forms  calcium  carbonate,  which  is  either  deposited  in  the 
solid  form  (e.g.  cystoliths,  see  p.  108),  or  is  excreted  by  means  of 
the  chalk-glands  (p.  137). 

In  some  cases,  substances  of  nutritive  value  are  excreted  by 
plants,  as    for    instance,  the  sugary  liquid   known  as   nectar  by 

I  special  glands,  the  nectajcies  (see  p.  679),  of  flowers,  and  the 
digestive  liqQidj:)Qnred  out  by  the  glands  of  the  carnivorous  plants, 
lis  loss  of  substance  is,  however,  compensated  for  by  the  advan- 
tages gained  by  the  excretion.  The  nectar  attracts  insects,  and  so 
ensures  cross-fertilisation,  and  the  excretion  of  the  carnivoi'ous 
plants  results  in  the  digestion  of  the  entrapped  insects  (see  p.  711). 
The  mechanism   of   excrefion  may  be  generally  illustrated  by 
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reference  to  two  cases  :  to  ihh  nectaries,  and  to  the  chalk-glands. 
The  former  afford  an  example  of  that  mode  of  excretion  in  which 
the  necessary  force  is  supplied  by  the  excreting  cells  themselves  : 
the  latter,  of  that  mode  in  which  the  necessary  force  is  derived 
from  another  source.  Excretion  by  nectaries  can  be  well  observed 
in  the  case  of  Fritillaria  imjperialis  (Fritillary,  or  Crown  Imperial). 
At  the  base  of  each  of  the  petals  of  the  flower,  there  is  an 
oval  depression  which  is  the  gland  or  nectary  and  is  seen  to  be 
occupied  by  a  large  drop  of  nectar.  If  the  flower  be  cut  off,  and 
the  drop  be  removed  from  the  nectary  by  means  of  blotting-paper, 
it  will  be  shortly  replaced  by  a  fresh  drop.  It  is  therefore  clear 
jthat  in  this  case  the  excretion  of  the  liquid  is  effected,  nojj^by  the 
iroot-pressure,  for  the  flower  is  no  longer  in  connexion  with  the 
;root,  but  by  the  cells  themselves.  iThe  mechanism  of  excretion; 
^seems  to  be  this,  that  the  cells  of  the  nectary  become  turgid,  and 
when  a  certain  degree  of  turgidity  has  been  attained,  filtration 
under  pressure  (see  p.  669)  takes  place,  and  liquid  is  pressed  out. 'J 
Excretion  by  chalk-glands  can  be  well  observed  in  some  of  the 
Saxifrages.  The  chalk-glands  are  here  situated  at  the  end  of  the 
finer  vascular  bundles  round  the  margin  of  the  leaves,  each  gland 
being  at  the  bottom  of  a  depression  in  the  surface,  and  communi- 
cating with  the  surface  by  two  or  three  water-stomata  (see  p.  157). 
ISo  long  as  the  leaf  is  in  connexion  with  the  rest  of  the  plant,  and 
provided  that  transpiration  is  not  too  active,  drops  of  water  hold- 
ing chalk  in  solution  are  poured  out  by  these  glands  on  to  the 
surface  through  the  water-stomata.  The  excretion  stops,  however, 
directly  the  leaf  is  removed,  or  the  stem  is  cut  through,  f  In  this 
case  the  excretion  clearly  depends  upon  the  root-pressure  J  the 
gland  itself  has  no  excreting  power,  but  it  simply  accumulates 
the  chalk  which  is  then  washed  out  by  the  current  of  water 
forced  through  the  gland  by  the  root-pressure. 

6.  The  Supply  and  the  Expenditure  of  Energy.  It  has  been 
already  insisted  upon  that  a  living  organism  must  be  supplied  not 
only  with  matter,  but  also  with  energy.  The  principal  sources  of 
the  supply  of  energy  will  now  be  briefly  considered. 

a.  All  plants  absorb  kinetic  energy  in  the  form  of  heat  (see 
p.  671). 

b.  Plants  which  possess  chlorophyll  absorb  kinetic  energy  in  the 
form  of  light,  the  rays  absorbed  being  those  which  correspond  to 
the  absorption- bands  of  the  chlorophyll-spectrum  (see  pp.  674 
and  717). 
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c.  Plants  which  do  not  possess  chlorophyll  are  unable  to  absorb 
kinetic  energy  in  the  form  of  light,  bat  they  obtain  their  supply 
in  other  waySr  ^^^or  instance,  it  has  been  pointed  out  (p.  711) 
that  these  plants  require  more  or  less  complex  carbon-compounds 
as  food :  the  significance  of  this  fact  is  not  only  that  these  plants 
are  unable  to  produce  these  compounds  for  themselves  from  carbon 
dioxide  and  water,  but  further,  that  these  compounds  represent 
potential  energy  which,  in  the  decomposition  of  these  compounds 
in  the  body  of  the  plant,  is  evolved  in  the  kinetic  form :  hence 
these  organic  food-substances  supply  the  plants  not  merely  with 
matter,  but  also  with  energy. 

Plants  without  chlorophyll  also  obtain  energy  by  yet  other  means.  For 
instance,  when  sugar  is  fermented  by  Yeast  (see  p.  723),  there  is  a  considerable 
evolution  of  energy,  and  this  is  the  true  significance  of  the  process  from  the 
point  of  view  of  the  Yeast-plaat :  similarly,  Bacteria  cause  various  putrefac- 
tive and  other  fermentations  which  are  attended  by  an  evolution  of  energy. 
In  these  cases  it  would  appear  that  the  plant  avails  itself  of  the  kinetic  energy 
evolved  in  the  fermentative  process. 

A  few  cases  have  been  investigated  among  Schizomycetes  in  which  the  supply 
of  kinetic  energy  is  obtained  by  oxidative  processes:  this  occurs,  for  instance, 
in  the  case  of  the  nitrifying  organisms  (Nitrobacteria)  which  oxidise  ammonia 
compounds  to  nitrites,  and  nitrites  to  nitrates,  in  the  soil :  in  the  case  of  the 
Sulplwhacteria  which  oxidise  hydrogen  sulphide  (H2S)  with  the  formation  of 
sulphates :  and  io  the  case  of  the  Ferrobacteria  which  oxidise  ferrous  to  ferric 
salts  (see  p.  719). 

The  energy  obtained  in  any  of  these  ways  is  of  primary  impor- 
tance in  the  anabolism  of  the  plant :  it  is  concerned  with  the 
building  up  of  more  and  more  complex  organic  compounds  and 
with  the  nutrition  of  the  protoplasm ;  and  in  as  far  as  these  com- 
pounds, such  as  carbohydrates,  proteids,  etc.,  accumulate  in  the 
plant,  in  so  far  is  potential  energy  accumulated  likewise.  But, 
inasmuch  as  the  catabolic  processes  are  at  the  same  time  in  con- 
stant operation,  there  is  going  on  in  the  plant  a  constant  conversion 
of  potential  into  kinetic  energy,  a  considerable  proportion  of  which 
is  dissipated  or  lost  to  the  plant. 

Energy  is  most  commonly  dissipated  in  the  form  of  heat,  in  a 
few  cases  in  the  form  of  li^t,  and  also  commonly  in  the  form  of 
movement.  The  evolution  of  heat  by  plants  is  not  usually 
sufficient  to  cause  the  temperature  of  the  plant-body  to  be  higher 
than  that  of  the  surrounding  air.  This  is  partly  due  to  the  fact 
that  the  catabolic  processes  of  plants  are  not  generally  very  active, 
and  partly  to  the  continual  loss  of  heat  by  radiation  and  in  con- 
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nexion  with  transpiration.  It  is  however  easy,  under  appropriate 
conditions,  to  demonstrate  the  evolution  of  heat.  If  a  quantity  of 
seeds  be  made  to  germinate  in  a  heap,  they  will  be  found  to  be 
distinctly  warm  (Fig.  476).  This  happens  on  a  large  scale  in  the 
process  of  malting  barle3\  When  a  large 
quantity  of  barley- grains  are  germinat- 
ing on  a  malting-floor,  they  become  quite 
hot:  they  have,  in  fact,  to  be  continually 
turned  to  prevent  overheating.  The 
conditions  are  here  most  favourable ': 
for  the  catabolic  processes  are  extremely 
active  in  germinating  seeds,  and  there 
is  but  little  loss  of  heat  by  radiation 
and  transpiration.  Similar  observations 
may  be  made  with  opening  flower-buds, 
the  opening  of  the  bud  being  also  a 
period  of  great  catabolic  activity.  In 
some  cases,  as  in  the  Araceae,  where  the 
inflorescence  consists  of  a  great  number 
of  flowers  which  open  simultaneously, 
and  which  are  protected  by  a  large  leaf, 
the  spathe,  a  rise  of  temperature  as 
much  as  18°  C.  has  been  observed. 

The  few  plants  in  which  an  evolution 
of  energy  in  the  form  of  light  has  been 
clearly  established  are  all  Fungi.  It  is 
commonly  termed  phosphorescence.  The 
so-called  phosphorescence  of  decaying 
wood  is  due  to  the  presence  of  the  my- 
celium of  Agaricus  melleus,  and  that  of 
putrifying  meat  and  vegetables  to  Schi- 
/omycetes  of  the  nature  of  Micrococci. 
Various  other  species  of  Agaricus  have 
been  found  to  be  luminous. 

Movement  of  some  kind  is  manifested 
by  all  plants.  All  plants  exhibit  that 
slow  movement  which  is  termed  growth : 
in  many,  there  is  a  more  or  less  well- 
marked  movement  of  the  protoplasm  in 
the  cell  or  cells  of  which  the  plant-body 
consists,  which  is  known  as  cyclosis,  cir- 


FiG.  476.— Apparatus  for  de- 
tecting the  rise  of  temperature 
in  small  opening  flowers  or  ger- 
minating seeds.  The  seeds  are 
heaped  as  closely  as  po-sible  in 
the  funnel  r  which  is  inserted 
into  the  mouth  of  a  bottle  con- 
taining a  solution  of  caustic 
potash.  This  absoi'bs  the  car- 
bon dioxide  produced  by  respi- 
ration. The  whole  is  enclosed 
in  a  glass  vessel,  and  a  delicate 
thermometer  is  inserted  through 
the  cotton  wool  which  closes 
the  mouth.  The  bulb  of  the 
thermometer  is  plunged  in 
among  the  seeds.  The  tempera- 
ture in  this  apparatus  will  be 
higher  than  in  another  arranged 
in  the  same  way  for  comparison, 
Snd  in  which  the  flowers  or 
seeds  are  replaced  by  scraps  of 
paper,  etc. 
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culation,  or  rotation :  some  are  capable  of  locomotiou  during  the 
whole  or  a  portion  of  their  life,  a  peculiarity  which  is  shared  by 
many  reproductive  cells,  such  as  zoospores  and  spermatozoids  :  in 
some  cases,  the  floral  or  the  foliage- leaves  of  the  plant  can  perform 
movements,  as  the  foliage-leaves  of  the  Sensitive  Plant,  of  the 
Telegraph-plant,  of  Dionce.a  muscipula  (Venus  Fly-trap),  the 
stamens  of  Berberis  and  of  the  Cynarese,  or  portions  of  leaves  as 
the  tentacles  of  Drosera  (Sun-dew,  see  p.  711).  These  movements 
are  considered  in  detail  in  the  next  chapter. 

The  connexion  between  these  various  forms  of  dissipation  of 
energy  and  the  catabolic  processes,  is  clearly  demonstrated  by  the 
fact  that  any  change  which  prejudicially  affects  the  activity  of 
catabolism,  similarly  affects  the  dissipation  of  energy.  For 
instance,  in  the  absence  of  free  oxygen,  a  condition  which 
diminishes  catabolic  activity  in  most  cases,  germinating  seeds  or 
opening  flowers  cease  to  evolve  heat ;  the  luminous  Fungi  cease  to 
emit  light ;  growth,  and  the  other  more  conspicuous  movements 
are  arrested :  similar  effects  are  produced  by  exposure  to  a  low 
temperature. 

The  main  facts  of  the  metabolism  of  the  plant  may  be  clearly 
summed  up  in  a  general  table  of  the  income  and  expenditure,  such 
as  the  following.  It  may  be  explained  that  in  this  table  account 
is  taken  of  only  that  portion  of  the  water  absorbed  from  without 
which  actually  enters  into  the  metabolism ;  the  remainder,  which 
simply  traverses  the  plant  to  be  exhaled  as  vapour  in  transpiration, 
is  not  considered.  Under  the  head  of  "  incidental  losses  "  are 
included  the  loss  of  organic  substance  connected  with  throwing 
oft'  reproductive  cells,  such  as  spores  and  spermatozoids,  or  other 
reproductive  organs  such  as  seeds,  bulbils,  etc. ;  and  the  loss 
accompanying  the  shedding  of  leaves,  etc.,  in  the  case  of  plants 
which  live  through  more  than  one  period  of  growth. 
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Plant  possessing  Chlorophyll. 


Income. 
I.  Matter. 

Food;  viz. 

Inorganic  salts. 
Carbon  dioxide. 
Water. 
Free  oxygen. 


Expenditure. 
1.  Matter. 

a.  Accumulated. 

Organic  substance  of  tissues 
(protoplasm,      cell  -  walls, 
etc.). 
Reserve     materials     (starch, 
sugar,  fats,  proteids,  etc.). 
Unexcreted     organic    waste- 
products     (tannins,     alka- 
loids, acids,  etc.). 
Mineral  matter  of  ash. 
6.  Dissipated. 

Carbon  dioxide")  in    respira- 
Water  )       tion. 

Free  oxygen  (evolved  by  green 

parts  in  light). 
Incidental  losses   (reproduc- 
tion, etc.) 
II.  Energy. 

a.  Accumulated. 

Potential     energy     of      the 
accumulated   organic   sub- 
stance (see  above). 
6.  Dissipated. 
Heat. 

Light  (in  some  cases). 
Movement  (including  growth) . 
Potential  energy  (in  connex- 
ion   with    the    incidental 
losses  of  organic  substance, 
as  above). 

In  the  case  of  plants  which  do  not  possess  chlorophyll,  the  account  must  be 
altered  thus : — 


II,  Energy. 
Heat. 

Light    (absorbed    by  chloro- 
phyll). 


Income. 
1.  Matter. 

Food;  viz. 

Inorganic  Salts. 
Organic  matter. 
Water. 
Free  oxygen  (in  most  cases). 
II.  Energy. 
Heat. 

Potential  energy  of   organic 
food. 


Expenditure. 
Same  as  in  plant  possessing 
chlorophyll,  except  that  no 
free  oxygen  is  given  off. 
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CHAPTER  III. 
SPECIAL  PHYSIOLOGY  OF  MOVEMENT. 

§  10.  Introductory.  The  movements  to  be  specially  con- 
sidered here  are  such  as  may  be  characterized  as  vital ;  that  is, 
they  are  essentially  manifestations  of  the  life  of  the  protoplasm. 
This  statement  is  rendered  necessary  by  the  fact  that  movements 
do  occur  in  plants  which  are  dependent  upon  purely  physical 
causes;  instances  of  these  are  afforded  by  the  rupture  of  pollen- 
sacs  and  other  sporangia,  the  twisting  and  untwisting  of  awns  (as 
in  the  fruits  of  Erodium,  p.  612,  and  Stipa,  p.  548),  the  bursting 
of  fruits  (as  in  the  Balsam,  Impatiens  Noli-me-tangere,  and  the 
Squirting  Cucumbers,  such  as  Ecbalium,  Momordica,  and  Elater- 
ium).  These  movements  may  be  due,  in  the  simpler  cases,  either 
to  expansion  and  contraction  of  hygroscopic  cell-walls  resulting 
from  variations  in  the  moisture  of  the  air,  or  to  the  imbibition 
with  water  and  the  consequent  swelling-up  of  mucilaginous  sub- 
stances in  the  cells ;  in  the  more  complicated  oases  tlje  movement 
depends  upon  tensions  set  up  between  diiferenfc  layers  of  tissue  in 
consequence  of  unequal  expansion. 

The  vital  movements  are  either  spontaneous  or  induced.  In  the 
former  case  they  are  the  result  of  causes  operating  in  the  or- 
ganism itself;  in  the  latter,  they  are  the  result  of  causes  acting 
upon  the  organism  from  without. 

The  following  are  the  principal  phenomena  of  movement  ex- 
hibited by  plants ;  the  streaming  movement  of  protoplasm 
(cyclosis)  ;  the  expansion  and  contraction  of  contractile  vacuoles ; 
the  locomotion  of  entire  organisms;  the  movements  of  cellular 
members. 

§  11.  Automatism.  The  spontaneous  movements  may  be 
conveniently  considered  under  the  two  heads  of  movements  of 
protoplasm,  and  m,ovements  of  cellular  m,emJ}ers. 

A.  Movements  of  Protoplasm.  Under  this  head  are  included 
such  spontaneous  movements  as  can  be  directly  observed  in  the 
protoplasm.  The  first  to  be  noted  is  the  streaming  movement, 
which  can  be  frequently  observed  either  in  naked  protoplasm  (&.g. 
Plasmodia  of  Myxomycetes),  or  in  the  protoplasm  of  ccenocytes 
clothed  by  a  cell- wall  (e.r/.  hyphes  of  Fungi),  or  in  that  of  cells 
(e.g.  leaf  of  Elodea  and  Vallisneria,  internodal  cells  of  Characece, 
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root-hairs  of  Trianea  bogotensis,  hairs  of  the  stamens  of  Trades- 
cantia,  etc.).  The  movement  takes  place  in  the  more  fluid  por- 
tion of  the  protoplasm,  and  is  made  evident  by  the  granules  of 
various  kinds  which  are  carried  along  by  the  currrent.  The 
direction  of  the  movement  varies  somewhat  according  to  circum- 
stances :  the  current  travels  in  one  direction,  and  this  simple 
longitudinal  movement  is  all  that  can  be  observed  in  plasniodia 
and  in  hjphas ;  but  in  cells,  owing  to  their  shortness,  it  can  be 
observed  to  travel  up  one  long  side,  across  the  end,  and  down  the 
other  side ;  and  when  the  cytoplasm  forms  not  merely  a  parietal 
layer,  but  has  strands  traversing  the  vacuole  (e.g.  Fig.  46  D), 
currents  can  be  observed  in  these  strands  also. 

The  contractile  vacuoles  (see  p.  102)  are  small,  more  or  less 
nearly  spherical,  cavities  which  make  their  appearance  in  the 
protoplasm  and  then  suddenly  disappear.  In  their  relatively 
slow  expansion  (diastole),  they  become  filled  with  cell-sap,  which 
is  forced  out  on  the  sudden  contraction  (systole).  They  have 
been  exclusively  found  in  motile  organisms,  such  as  Volvox, 
Gonium,  Eudorina,  the  plasmodia  of  Myxomycetes,  the  zoospores 
of  many  Algoe  and  of  some  Fungi. 

In  the  second  place  the  protoplasmic  movements  which  involve 
locomotion  have  to  be  considered.  The  simplest  case  of  this  is  the 
amoeboid  movement  exhibited,  among  plants,  by  the  zoospores  of 
the  Myxomycetes  and  of  some  Algae,  and  by  the  naked  masses  of 
protoplasm  which  constitute  the  plasmodia  of  the  Myxomycetes. 
There  is  here  no  specialised  motile  organ,  but  any  part  of  the 
protoplasm  may  be  protruded  as  a  pseudopodium  into  which  the 
remainder  of  the  protoplasm  gradually  flows,  and  thus  locomotion 
of  the  whole  is  effected. 

The  locomotory  movements  of  most  zoospores,  of  sperraatozoids, 
and  of  entire  organisms  such  as  Volvox,  Pandorina,  etc.,  among 
Algae,  is  effected  by  means  of  specialised  motile  organs,  which  are 
delicate  protoplasmic  filaments  termed  cilia  (see  p.  102)  ;  each 
cell  may  have  one,  two,  four,  or  many  cilia  (see  Figs.  168,  177, 
181,  etc.). 

Locomotion  is  also  exhibited  by  other  Algas,  such  as  Diatoms,  Oscillatorias, 
etc.,  as  also  by  some  Schizomycetes,  but  the  mechanism  is  not  fully  under- 
stood. 

B,  Movements  of  Celhllar  Members.  Instances  of  the  move- 
ment of  parts  of  plants  consisting  of  one  or  more  cells  having  a 
cell-wall,   are   afforded   by  all  growing   members,   and   by  some 
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specially  modified  mature  members  ;  the  movements  of  the  latter 
are  termed  movements  of  variation,  those  of  the  former,  movements 
of  growth. 

These  two  kinds  of  movements  can  be  readily  distinguished 
from  each  other,  inasmuch  as  the  movements  of  variation  are 
rapid  and  can  be  easily  observed,  whereas  the  movements  of 
growth  are  slow  and  can  only  be  followed  by  means  of  special 
apparatus. 

a.  Movements  of  Variation.  The  majority  of  the  movements  of 
variation  are  induced,  a  few  only  being  spontaneous.     Instances 

I  of  spontaneous  movement  are  afforded  by  the  rising  and  falling  of 
[the  lateral  leaflets  of  the  trifoliolate  leaf  of  Desmodium  gyrans,  the 
Telegraph-plan^f  hy  the  oscillation  of  the  labellum  of  Megaclinium 
falcatum,  an  African  Orchid;  by  the  bending  upwards  and  down- 
wards of  the  gynostemium  of  Stylidiicm  (CandoUea)  adnatum 
(see  p.  692).  It  must,  however,  be  pointed  out  that  the  power  of 
spontaneous  movement  may  be  possessed  by  plants  tliough  they  do 
not  manifest  it  under  ordinary  circumstances.  Thus  the  leaves 
of  the  Sensitive  Plant  (Mimosa  pudica)  move  spontaneously  in 
darkness,  but  they  will  not  do  so  in  the  light.  This  is  also  true 
of  various  Leguminosae  and  Oxalidaceae. 

b.  Movements  of  Groivth.  Before  entering  upon  a  description 
of  the  movements  of  growth,  a  clear  idea  must  be  formed  of  what 
growth  really  is.  By  growth  is  meant  change  of  external  form, 
which  is  usually,  though  not  necessarily,  accompanied  by  increase 
in  bulk ;  the  change  of  form  being  rendered  permanent  by  the 
deposition  of  new  substance :  it  is  a  function  of  embryonic  proto- 
plasm (see  p.  16). 

The  growth  of  the  plant-body  takes  place  to  a  greater  or  less 
extent  in  all  three  dimensions  of  space.  For  instance,  when  it 
takes  place  equally  in  all  three  dimensions,  a  spherical  body  is 
produced,  as  in  Protococcus  and  Volvox.  Occasionally  it  takes 
place  especially  in  two  dimensions,  the  result  being  a  flattened 
body,  such  as  a  Fern-prothallus  or  an  Ulva.  More  commonly, 
however,  it  takes  place  especially  in  one  direction,  so  that  the 
plant-body  assumes  an  elongated  form.  An  extreme  case  of  this 
is  afforded  by  Spirogyra  and  other  filamentous  Algce.  It  is  this 
growth  in  length  which  has  been  more  especially  studied  physio- 
logically, and  in  what  follows,  "  growth  "  may  be  taken  to  mean 
'*  growth  in  length,"  unless  there  is  some  definite  statement  to  the 
conti^ry. 
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The  growth  in  length  of  the  plant-bodj  takes  place  at  first 
throughout  its  whole  extent ;  but  at  a  later  period  it  is  limited,  as 
a  rule,  to  particular  regions  (see  p.  16).  In  the  growing  portion 
of  any  member  two  regions  may  be  distinguished:  the  formative 
region^  which  is  the  growing-point  proper:  and  the  region  of 
elongation  adjacent  to  it.  In  the  formative  region  the  construc- 
tion of  the  new  tissue  from  plastic  substances  takes  place,  as  is 
specially  manifested  in  the  formation  of  cell-walls  accompany- 
ing the  cellrdivision  going  on  in  this  region  of  a  multicellular 
growing-point ;  but  the  amount  of  elongation  is  slight.  In  the 
region  of  elongation,  the  formative  processes  have  ceased  :  in 
multicellular  plants  little  or  no  cell-division  takes  place  in  this 
region ;  the  cells  are  here  fully  formed,  and  they  simply  require 
to  increase  in  bulk,  to  grow  in  fact,  in  order  to  attain  the  mature 
form.  Beyond  the  region  of  elongation  comes  the  portion  of  the 
member  which  has  already  ceased  to  grow.  It  must  be  clearly 
understood  that  each  portion  of  the  growing-point  passes  through 
these  three  phases.  For  instance,  in  a  multicellular  apical  grow- 
ing-point, each  cell  is  produced  in  the  formative  region  ;  and  as  in 
consequence  of  the  continued  formation  of  younger  cells  in  front 
of  it  at  the  apex,  it  comes  to  lie  at  an  increasing  distance  from 
the  apex,  it  passes  through  the  stage  of  growth,  to  become  an  adult 
tissue-element. 

The  movement  of  growth  in  length  is  altogether  spontaneons. 
It  may  be  generally  described  as  the  travelling  of  the  organic 
apex  in  a  line  which  is  the  continuation  of  the  longitudinal  axis 
of  the  growing  member.  Both  the  rate  and  the  direction  of 
growth  are  liable  to  variation,  which  may  be  either  spontaneous 
or  induced.     The  induced  variations  are  discussed  in  §  12,  p.  742. 

Variations  in  the  Hate  of  Growth.  The  rate  of  growth  of  a  grow- 
ing member,  as  also  that  of  each  of  its  constituent  cells,  is  not 
uniform.  When  a  member  begins  to  grow,  its  rate  of  growth  is 
at  first  slow  ;  it  then  accelerates,  until  a  maximum  rapidity  is 
attained ;  after  which  it  diminishes  until  growth  ceases  altogether. 
This  gradual  rise  and  fall  in  the  rate  of  growth,  extending  over 
the  whole  of  one  period  of  growth,  is  termed  the  grand  period  of 
growth. 

This  periodicity  is  manifested  also  in  each  cell  of  the  growing 
region.  A  young  cell  grows  but  slowly;  as  it  becomes  older, 
and  is  gradually  removed  from  the  growing-point,  its  rate  of 
growth  increases  up   to   a  maximum  ;    as  it    becomes  still  older 
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and  is  still  more  remote,  the  rate  of  growth   sinks,  until  finally 
the  adult  stage  is  reached,  and  growth  ceases. 

Careful  observation  of  growing  members  has  shown  that,  in 
addition  to  the  spontaneous  variation  constituting  the  grand 
period  of  growth,  small  irregular  variations  are  constantly  taking 
place,  which,  since  they  are  apparently  spontaneous,  are  termed 
irregular  spontaneous  variations. 

Another  point  which  must  be  taken  into  account  is  the  energy 
ofgroivth;  that  is,  the  relative  capacity  of  different  members  for 
growth  in  length.  The  differences  in  the  energy  of  growth  in 
growing  members  manifest  themselves  in  differences  either  in  the 
length  of  the  grand  period,  or  in  the  rate  of  growth ;  in  other 
words,  members  may  grow  for  a  longer  or  shorter  time,  or  they 
may  grow  more  or  less  rapidly.  In  any  case  the  result  is  that 
members  attain  different  lengths.  For  instance,  it  is  easy  to 
observe  that  the  lower  internodes  of  most  stems  remain  short ; 
that  those  above  them  are  longer;  that 
those  of  a  certain  part  of  the  stem  are  the 
longest ;  and  that  the  upper  ones  again  are 
short.  In  the  same  way  the  size  of  the 
leaves  attached  to  these  various  parts  of 
the  stem  increases  from  below  to  about 
the  middle,  and  then  diminishes. 

Variations  in  the  Direction  of  Growth. 
Although  it  is  true,  as  stated  above,  that 
the  result  of  growth  is,  generally  speaking, 
that  the  apex  of  the  growing  member  is 
moved  onwards  in  a  line  which  is  the  con- 
tinuation of  the  axis  of  the  growing  organ ; 
yet,  during  the  actual  process  of  growth, 
this  relation  of  position  is  not  maintainei*, 
because  the  rate  of  growth  is  at  no  time 
uniform  throughout  the  transverse  section 
of  the  region  of  elongation.  Suppose  a 
radial  stem  rising  vertically  from  the  soil; 
the  longitudinal  axis  of  the  fully  grown 
portion  of  this  stem  is  vertical,  but  this  is 
not  true  of  the  growing  portion.  If  the 
apex  be  looked  down  upon  from  above  it  will  be  seen  to  tmvel  in 
HU  orbit  round  the  prolongation  of  the  longitudinal  axis  of  the  fully 
grown  portion,  in  the  manner  indicated  by  the  following  diagram. 


Fig.  477.— Tho  growing 
prirour3'  root  cf  the  Pta  in 
two  stages.  A  The  root  is 
marked  by  lines  at  equal  dis- 
tances. In  B  the  differences 
in  rapidity  of  growth  are 
perceptible :  the  uppermost 
lines  have  not  been  sepa- 
rated; the  root  has  ceased 
to  grow  here.  The  lowest 
likewise  are  still  clo.-^e  toge- 
ther ;  at  the  growing-point 
il  ngiition  has  not  taken 
place.  In  tho  intermediate 
zone  theelongaiiou  has  been 
very  gieat. 
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Fig.  478,— Diagram  illustrating  nutation  of  a  cylindrical  stem,  as  seen  from  above: 
N,  S,  VV,  E,  indicate  the  points  of  the  compass. 

The  small  upper  circle  divided  into  segments  represents  an  ideal  transverse  section  of 
the  natating  region :  the  larger  circle  below  represents  the  orbit  of  nutation,  and  the  small 
circles  upon  it  represent  ditlerent  positions  of  the  apex  of  the  stem  in  its  orbit ;  the  shaded 
segment  indicates  always  the  position  of  one  and  the  same  side  of  the  stem;  the  small 
circle  in  the  centre  of  the  orbit  represents  the  position  of  the  apex  of  the  stem  were  it  not 
nutating,  but  were  it  in  a  straight  line  with  the  older  parts  which  have  ceased  to  grow. 
Assuming,  to  begin  with,  that  the  rate  of  growth  is  uniform  in  all  the  segments  of  the 
elongating  region,  then  the  position  of  the  apex  will  coincide  with  the  small  circle  in  the 
centre;  but  the  growth  is  not  uniform,  being  more  active  on  one  side  than  on  the  others, 
say  in  segment  1 ;  then  segment  -4  will  be  the  region  of  least  active  growth,  and,  as  a  con- 
sequence, the  apex  oFthe  stem  will  be  displaced  southwards  till  it  takes  up  a  position  /  in 
the  orbit ;  the  wave  of  rapid  growth  then  travels  from  segment  1  to  segment  2,  and  the  apex 
travels  from  position  I  to  11  in  the  orbit,  and  so  on,  until  the  apex  has  completed  its  orbit 
and  returned  to  position  I,  It  will  be  observed  that  the  shaded  segment  always  faces  the 
same  side  (south)  in  all  positions  in  the  orbit;  nutation  is  thus  not  accompanied  by 
torsion,  that  is,  by  twisting  of  the  member  about  its  own  axis.  In  this  case  the  direction 
of  nutation  is  that  of  the  sun,  or  of  the  hands  of  a  watch. 
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In  this  case,  the  stem  being  radially  symmetrical,  the  orbit  is 
approximately  circular ;  but  in  cases  in  which  the  member  tends 
to  be  bilaterally  symmetrical,  one  diameter  of  the  orbit  becomes 
proportionally  elongated,  the  orbit  being  then  oval,  or  elliptic, 
until,  finally,  when  the  bilateral  symmetry  is  strongly  marked, 
the  orbit  becomes  a  straight  line,  the  growing-point  simply  oscil- 
lating from  side  to  side.  Whilst  the  growing-point  is  travelling 
in  its  orbit,  it  is  at  the  same  time  being  raised  upwards ;  so  that 
it  describes  a  path  which  is,  according  to  the  form  of  the  orbit,  a 


Fig.  479.— Illustration  of  the  epinastic  growth  of  the  leaves  of  the  Sunflovrer  {Helianthut 
annuus).  A  represents  the  position  of  the  leaves  when  the  plant  is  exposed  to  light;  B 
represents  the  position  of  the  leaves  when  the  plant  has  been  kept  in  darkness  for  twenty- 
four  hours.  In  A  the  leaves  are  expanded  in  consequence  of  the  directive  (diaheliotro})ic) 
action  of  the  incident  rays  of  light.  In  B  the  leaves,  in  the  absence  of  light,  had  become 
recurved  in  virfae  of  their  inherent  epinastic  growth. 


circular  spiral,  an  elliptical  spiral,  or  a  zig-zag.  These  changes 
of  position  are,  however,  not  permanent ;  for  example,  though  the 
growing-point  may  be  travelling  upwards  in  a  spiral,  the  fully- 
grown    stem   does   not    resemble   a   corkscrew,   but   is   straight. 
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These  spotitaneons  changes  in  position  of  growing-points  are 
designated  generally  by  the  term  Nutation. 

All  growing  members  nntate  in  a  more  or  less  marked  manner; 
but  the  most  conspicuous  instances  are  afforded  by  slender  struc- 
tures, such  as  tendrils,  and  the  internodes  o?  twining  stems. 

A  peculiar  form  of  nutation  is  commonly  exhibited  by  dorsiventral  members, 
such  as  leaves.  In  the  early  stages  the  one  surface  of  the  leaf  grows  much 
faster  than  the  other,  thus  leading  to  certain  peculiar  forms  of  vernation  and 
aestivation  (see  p.  60) ;  in  the  later  stages  the  other  side  grows  the  faster,  and 
so  the  expansion  of  the  leaf  is  brought  about.  When  it  is  the  ventral  sur- 
face which  is  growing  the  faster,  whether  along  the  transverse  or  the  longi- 
tudiual  axis  of  the  leaf,  it  is  said  to  be  a  case  of  cpinastij  (Fig.  479) ;  when  tlie 
dorsal  surface,  it  is  said  to  be  a  case  of  hyponasty.  A  striking  example  is  afforded 
by  leaves  having  circinate  vernation,  as  many  Ferns,  Drosera,  etc.;  this  form  of 
vernation  is  due  to  the  growth  of  the  leaf  being  at  first  longitudinally  hypo- 
nastic.  The  convolute,  involute,  and  conduplicate  forms  are  all  the  result  of 
transverse  hyponastic  growth  in  the  early  stages  of  development  of  the  leaf, 
whereas  the  revolute  form  is  the  result  of  transverse  epinastic  growth. 


§  12.  Irritability  (Induced  Movements).  All  parts  of  plants 
which  can  exhibit  movement  are  also  irritable  ;  that  is,  they 
respond  to  the  action  of  external  agents  either  by  a  movement  or 
by  a  change  in  the  rate  or  the  direction  of  their  movement.  The 
following  are  the  principal  causes,  or  stimuli,  of  movement,  or 
change  of  movement : — 

a.  Mechanical;   contact  or  pressure ; 
h.  Variations  of  temperature  ; 

c.  Variations  in  the  intensity  of  light ; 

d.  Changes  in  the  direction  of  incidence  of  the  rays  of  light ; 

e.  Changes    of   position  with    regard   to  the   line   of   action  of 

gravity  (vertical)  ; 
/.    Dift'erences  of  degree  of  moistui^  in  the  surrounding  medium. 

a.  Irritability  to  Mechanical  Stimuli.  This  form  of  irritability 
is  most  strikingly  manifested  by  motile  mature  members,  and  less 
markedly  by  certain  growing  members. 

Irritability  to  contact  is  manifested  by  the  following  mature 
motile  members  :  by  the  leaves  of  the  sensitive  plants  (see  p.  689), 
[and  by  those  of  Dionasa  and  Drosera  ;  by  the  stamens  of  Berberis, 
Mahonia,  the  Cynarea^,  and  the  Cistacese;    by  the  lobes   of   the 
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stigma  of  Mimulas,  Martynia,  and  Bignonia ;  and  by  the  style  of 
Goldfussia  anisovhylla. 

The  most  familiar  case  is  that  of  Mimosa  pudica,  the  Sensitive  Plant.  The 
leaf  of  this  plant  is  bipiunate,  consisting  of  a  primary  petiole  bearing  at  its  free 
end  four  secondary  petioles,  upon  which  the  leatiets  or  pinnai  are  inserted  (see 
Fig.  472).  The  primary  petiole  is  articulated  to  the  stem  ;  each  secondary 
petiole  to  the  primary  petiole ;  and  each  pinna  to  the  secondary  petiole,  by  a 
pulvinus.  When  stimulated,  the  pinnae  fold  together  forwards  and  upwards : 
the  secondary  petioles  move  sideways  so  as  to  come  closer  together  and  to  lie 
almost  parallel ;  and  the  primary  petiole  sinks  downwards  ;  the  pulviui  act  as 
hinges  upon  which  the  various  parts  move. 

It  is  only  a  few  growing  members  which  react  perceptibly  to 
mechanical  stimulation ;  such  are  tendrils,  the  petioles  of  leaf- 
climbers  (e.g.  Tropaeolum,  Lovhospermum  scandens,  Maurandia, 
Solarium  jasminoides) ^  the  stem  of  at  least  one  stem-climber, 
namelj:  that  of  Cuscuta  (Dodder),  and  roots.  In  these  cases  the 
contact  must  be  of  relatively  long  duration,  becoming,  in  fact 
pressure. 

It  is  still  a  question  whether  the  iuternodes  of  all  stem-climbers  may  not  be 
in  some  degree  sensitive  to  contact ;  but  if  so,  they  are  sensitive  only  to  long- 
continued  contact. 

The  irritability  of  growing  members  to  mechanical  stimulation 
is,  however,  less  marked  than  that  of  the  mature  motile  members 
mentioned  above.     Even  in  the  most  sensitive  growing  members, 
such  as  tendrils,  the  resulting  movement  is  comparatively  slow. 
The  movement  induced  in  these  members  is   that  they  tend  to 
curve  round  the  object  with  which  they  have  come  into  contact. 
The  result  of  this  is  that  fresh  portions  of  the  member  come  into 
contact  and   are  stimulated  to  curve,   so  that  the  member  forms 
coils  round  the  object,  and  thus  becomes  firmly  attached  to  it.    In 
ithe  case  of  roots,  when  the  growing-point  is  more  or  less  injui*ed 
Jby  pressure  or  othtrwise,  a  curvature  is  induced  of  such  a  kind 
[that  the   injured   side  becomes  convex,  with  the  result  that  the 
growing-point,  and  consequently  the  direction  of  growth,  is  de- 
flected from  the  obstacle  or  other  cause  of  injury. 

h.  Irritahility  to  Variations  of  Temperature.  Movement,  like  the 
other  functions  (see  p.  671),  is  affected  by  temperature,  but  this 
intluence  is  not  stimulating  bat  tonic :  it  does  not  induce  move- 
ment, but  merely  modifies  the  activity  of  movement  (see  p.  760). 
A  sudden  variation  of  temperature  may,  however,  act  as  a  stimulus 
and  induce  a  movement.     This  kind  of  irritability  has  been  de- 
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tected  in  various  leaves :  for  instance,  a  rise  of  temperature  causes 
certain  flowers  (e.g.  Tulip,  Crocus)  to  open,  and  a  fall  of  tempera- 
ture causes  them  to  close  :  similarly  a  fall  of  temperature  causes 
the  leaves  of  such  plants  as  the  Sensitive  Plant  and  the  Wood- 
Sorrel  (Oxalis  Acetosella)  to  fold  up,  whereas  a  rise  of  temperature 
causes  them  to  expand  (see  Fig.  471). 

c.  Irritability  to  Variations  in  the  Intensity  of  Light  (Paratofdc 
Effect  of  Light ;  p.  674).  This  is  exhibited  in  a  marked  manner 
by  the  majority  of  motile  members,  more  especially  leaves.  When, 
for  instance,  the  intensity  of  the  light  is  diminished,  the  periant-h- 
leaves  of  many  flowers  and  the  foliage-leaves  and  cotyledons  of 
many  plants  perform  movements  which  are  termed  nyctiiropic  or 
sleep-movements  (see  p.  689).  Thus,  the  flowers  close;  and  the 
foliage-leaves  change  their  position  in  various  ways,  assuming 
what  is  known  as  the  nocturnal  position,  so  that  they  no  longer 
present  the  surface,  but  the  margin  of  the  blade  to  the  sky.  Con- 
versely, when  flowers  or  leaves  which  have  assumed  the  nocturnal 
position  are  exposed  to  light,  or  to  brighter  light  than  before,  they 
resume  their  normal  expanded  (diurnal)  position. 

Another  remarkable  manifestation  of  this  irritability  is  that 
movements  of  variation  in  some  cases,  and  movements  of  growth 
in  most  cases,  are  retarded  or  arrested  hj  exposure  to  light  of  a 
sufficient  intensity. 

In  illustration  of  the  effect  of  light  upon  movements  of  varia- 
tion, it  may  be  stated  that  certain  members,  such  as  the  leaves 
of  the  Sensitive  Plant,  which  perform  spontaneous  movements  of 
variation,  are  unable  to  do  so  when  exposed  to  bright  light : 
under  this  condition  the  leaves  become  fixed,  as  it  were,  in  the 
diurnal  position.  This  is  not,  however,  the  case  with  all  mature 
motile  members :  for  instance,  the  movement  of  the  lateral  leaf- 
lets of  the  Telegraph-plant  (Desmodium  gyrq,ns)  continues  even  in 
bright  sunlight. 

The  paratonic  action  of  light  ot\  movements  of  growth  is 
strikingly  exhibited  in  various  ways.  It  is  well  demonstrated  by 
etiolated  plants  (see  p.  674),  that  is,  by  plants  which  have  been  kept 
in  darkness  for  some  considerable  time.  A  characteristic  feature  of 
etiolated  shoots  is  the  excessive  length  of  their  internodes,  as  com- 
pared with  those  of  a  shoot  which  has  been  growing  for  the  same 
period  exposed  to  the  normal  alternation  of  day  and  night.  This 
excessive  elongation  in  darkness — which  occurs  as  a  rule  in  all 
radial  and  isobilateral  members  which  usually  grow  exposed  to 


CHAPTER   III. —  SPECIAL    PHYSIOLOGY   OF    MOVEMENT.  745 

light — is  the  re&juit  of  the  absence  of  the  retarding  paratonic  action  1 
of  light.  '  ' 

The  exceptions  to  this  rule  are  the  shoots  of  stem-climbers  (Hop,  etc.).     The 
stems  of  these  plaiits  have,  under  ordinary  conditions,  very  long  internodes  ;  > 
they  seem  to  grow  to  the  utmost  even  although  they  are  exposed  to  light,  and 
they  do  not  grow  to  any  greater  length  in  darkness.     On  account  of  this  pecu- 
liarity they  have  been  termed  "  normally  etiolated  shoots." 

The  effect  of  the  paratonic  action  of  light  can  also  be  estimated 
by  direct  measurement  of  the  growing  member.     As  the  result  of 
a  great  number  of  comparative  measurements,  it  has  been  found, 
in  regard  to  members  of  all  kinds,  that  the  rate  of  ^owth  is  n^rei 
rapid  in  darkness  than  in  light. 

An  interesting  demonstration  of  the  relation  of  the  rate  of 
growth  to  light,  is  afforded  by  the  observation  of  the  growth  of 
any  member  at  given  intervals — every  hour,  or  every  two  or  three 
-hours — during  an  entire  day  of  twenty-four  hours.  By  this  means 
it  has  been  ascertained  that  a  growing  member  exhibits  a  regular 
daily  periodicity  in  the  variations  in  its  rate  of  growth,  which  has 
a  direct  relation  to  the  alternation  of  day  and  night. 

A  general  inspection  of  the  tracings  in  Fig.  480  shows  that  the 
rate  of  growth  increases  in  darkness,  and  diminishes  in  the  light. 
This  is  more  apparent  in  the  3-hour  than  in  the  1-hour  tracing, 
for  the  latter  is  complicated  by  the  registration  of  the  spontaneous 
variations  in  the  rate  of  growth  (see  p.  739),  whereas  the  former  is 
not,  owing  to  the  longer  interval  between  the  measurements. 

It  will  be  further  noticed  that  the  effect  of  a  change  from  dark- 
ness to  light,  or  from  light  to  darkness,  is  not  manifested  at  once ; 
but  that  after  such  a  change,  the  rate  of  growth  goes  on,  for  a 
time,  as  it  did  before,  until  gradually  it  alters.  In  fact,  a  growing 
member,  though  kept  in  continuous  darkness,  will  exhibit  a  more 
or  less  well-marked  periodicity  for  sevei-al  days.  This  is  a  good, 
instance  of  the  general  slowness  of  reaction  which  characterises 
growing  members. 

Bat  it  must  be  borne  in  mind  that  variations  of  temperature 
also  affect  the  i*ate  of  growth.  Hence,  since  the  alternation  of 
day  and  night  is  accompanied  by  changes  of  temperature,  the 
forms  of  the  ti-acings  in  the  figure  are  not  solely  due  to  the  influ- 
ence of  light,  but  also  to  some  extent  to  that  of  temperature. 
Speaking  generally,  it  may  be  said  that,  as  the  intensity  of  the 
light   diminishes  towards  evening,   the  temperature  falls.      The 
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former  condition  tends  to  accelerate  growth,  but  the  latter  to 
retard  it.  The  actual  rate  of  growth  is  the  resultant  of  the 
acceleration  due  to  diminished  light,  and  of  the  retardation  due  to 
a  falling  temperature.  Similarly,  in  the  morning,  the  increasing 
intensity  of  the  light  tends  to  retard  growth,  whereas  the  rising 
tempei-ature  tends  to  accelerate  it.  The  actual  rate  of  growth  is 
the  resultant  of  the  retardation  due  to  increased  intensity  of  light, 
and  of  the  acceleration  due  to  a  rising  temperature. 
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Fjg.  480.— (After  Sacht).    Illubtrating  the  daily  periodicity  of  growth  in  length. 

In  Fig.  480  there  is  given  a  graphic  representation  of  two  complete  dailij 
periods  of  growth  as  observed  in  a  Dahlia-stem.  The  abscisste  of  the  base-line 
represent  periods  of  two  hours,  and  the  divisions  of  the  ordiuates  represent  units 
of  growth  in  length.  The  tracing  marked  1/t  is  the  result  of  hourly  measure 
ments  of  the  growing  stem ;  the  tracing  marked  3/t  is  the  result  of  measure- 
ments made  every  three  hours.  The  variations  of  temperature  have  been  also 
taken  into  account,  and  are  represented  by  the  tracing  marked  f^ :  the  base-line 
represents  12°  R.,  and  five  of  the  divisions  of  the  ordinates  represent  1°  R. :  it 
-will  be  seen  that  the  temperature  varied  between  about  12.5°  R.  and  15.8°  11. 
The  shaded  spaces  represent  periods  of  darkness. 

The  paratonic  action  of  light  varies  with  its  intensity  :  the  more 
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intense  the  light  the  more  marked  the  paratonic  action.  Exposure^ 
to  very  intense  light  may  entirely  arrest  growth  for  the  time 
being. 

It  has  been  found  that  the  diffei-ent  rays  of  the  spectrum  are 
not  equally  active ;  the  paratonic  efPect  of  the  more  highly  refrani 
gible  rays  (violet,  indigo,  blue)  is  far  greater  than  that  of  the 
rays  of  lower  refrangibility  (see  Fig.  481). 

d.  Irritability  io  the  Direction  of  Incidence  of  the  rays  of  Light 
(Heliotropism).  This  kind  of  irritability  is  extremely  common, 
and  generally  manifests  itself  in  the  most  striking  manner.  The 
most  active  rays  of  light  are  those  of  high  refrangibility  (violet, 
indigo,  blue). 

A  remarkable  example  of  this  is  afforded  by  the  zoospores  of 
various   plants   (e.g.    Ulothrix,  Haematococcus,   Botrydium,  etc.). 
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Fio.  481.— (A'^ter  Wiesnrr).  Cnrve  illustrating  the  relative  heliotropic  effect  of  rajs  of 
ilifforent  refrangibility.  The  letters  A  —  M  in  the  base-line  indicate  the  position  of  the 
more  importHnt  lines  in  the  solar  ppectrnm.  The  curves  f,  IJ,  III  represent  the  degree  of 
enrvatnre,  m  der  the  influence  of  the  different  rays,  presented  by  the  Vetch,  the  Cress,  and 
the  Willow  respectively.  The  curve  xy  represents  the  relative  effect  of  the  different  rays 
in  retarding  growth ;  it  is  greatest  at  y,  and  least  at  x. 

When  light  falls  obliquely  npon  them,  these  zoospores  arrange 
themselves  in  the  water  so  that  their  long  axes  are  parallel  to  the 

(direction  of  incidence  of  the  rays ;  this  phenomenon  is  termed  Photo- 
taxis.  Moreover,  the  direction  of  their  movement  is  also  determined 
by  the  direction  of  incidence  of  the  light.  They  move  in  the  line 
of  incidence,  but  they  may  move  either  towards  or  away  from  the 
source  of  liglit;  the  direction  depending  partly  on  the  intensity  of 
the  light,  and  partly  on  the  degree  of  irritability  of  the  zoospore. 
When  a  zoospore  moves  towards  a  source  of  light,  it  is  said  to  be 
positively  photoiactic  ;   when  away  from  it,  negatively  phototactic. 
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Another  important  case  is  the  change  of  position  ot*  the  chlorophyll- 
corpuscles  in  the  cells  (see  p.  686). 

Motile  cellular  members,  whether  mature  or  growing,  are,  as  a 
rule,  sensitive  to  the  directive  influence  of  the  incident  rays  of 
light.  Among  mature  motile  members,  foliage-leaves  are  those 
which  most  markedly  respond  to  the  directive  or  heliotropic  influ- 
ence of  light ;  among  growing  members,  it  is  more  especially  stems 
and  leaves  which  are  sensitive,  bnt  roots  have  in  many  cases  been 
found  to  be  so.  All  these  irritable  members  take  up  a  definite 
position,  the  light-position  (p.  688),  with  reference  to  the  direction 
of  incidence  of  the  rays  of  light.  Members  capable  of  performing 
movements  of  variation  can,  if  necessary,  change  their  light- 
position,  whereas  the  light-position  of  other  members  can  only  be 
changed  so  long  as  they  are  growing. 

The  particular  position  which  the  member  assumes  under  the 
heliotropic  influence  of  light,  depends  upon  its  organisation.  Three 
classes  of  members,  namely  the  dorsiventral,  the  isobilateral,  and 
the  radial,  have  therefore  to  be  considered. 

I  It  may  be  generally  stated  of  dorsiventral  members,  that,  for  a 
I  certain  mean  intensity  of  light,  their  light-position  is  such  that 
!the  niorphologically  upper  (ventral)  surface  is  directed  towards 
the  source  of  light,  and  lies  in  a  plane  perpendicular  to  the 
direction  of  incidence  of  the  rays  :  that  is,  they  are  diaheliotropic. 

It  must,  however,  be  borne  in  mind  that  the  position  of  dorsiventral  mem- 
bers with  regard  to  light  may  not,  in  nature,  always  be  found  to  be  exactly  that 
described  above,  because  other  directive  influences  are  in  operation  which 
interfere  with  the  effect  of  light.  When,  by  appropriate  arrangements,  the 
effect  of  the  other  influences  is  removed,  and  light  alone  is  acting,  the  truth  of 
the  above  statement  will  be  demonstrated. 

The  case  of  motile  foliage-leaves  may  be  taken  first  in  illustra- 
tion, such  as  those  of  the  Sensitive  Plant,  Robinia,  Scarlet  Runner, 
etc.  When  these  leaves  are  exposed  to  light  of  sufficient  intensity 
to  cause  them  to  assume  the  diurnal  position  (see  p.  689),  their 
upper  (ventral)  surfaces  are  at  right  angles  to  the  direction  of 
incidence  of  the  rays.  If,  on  the  one  hand,  the  light  to  which 
they  are  exposed  becomes  less  intense  than  this,  they  will  manifest 
no  sensibility  to  its  direction  of  incidence,  but  will  merely  assume 
the  nocturnal  position.  If,  on  the  other  hand,  the  light  becomes 
more  intense,  then  the  leaves  will  alter  their  position  so  that  the 
blades  will  present  their  edge,  instead  of  their  ventral  surface,  to 
the  incident  rays  (paraheliotropism,  see  p.  689). 
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In  the  case  of  foliage-leaves  and  other  dorsi ventral  members 
which  cannot  execute  movements  of  variation,  the  light-position  is 
assumed  in  the  course  of  development,  and  is  fixed.  Since  it 
cannot  be  altered  in  relation  to  variations  in  the  intensity  of  the 
incident  rajs,  the  position  assumed  is  determined  by  the  most 
frequent  direction  of  incidence  of  the  rays  of  suitable  intensity. 
For  instance,  the  fixed  light- position  of  the  foliage- leaves  of  plants 
growing  free  in  the  open,  is  usually  not  such  thafe  the  ventral 
surface  is  horizontal,  facing  the  zenith  ;rbut  such  that  it  is  directed 
(towards  that  quarter  of  the  sky  from  which,  not  the  brightest 
sunlight,  but  the  brightest  diffuse  daylight,  falls  perpendicularly 
upon  it.^  In  fact,  it  is  not  unusual  to  find  that  the  fixed  light- 
position  of  leaves,  when  the  light  is  of  high  average  intensity,  is 
such  that  the  surfaces  are  vertical,  so  that  the  margin  is  pre- 
sented to  the  zenith.  Under  these  circumstances  both  surfaces 
are  equally  exposed  to  light,  and  the  structure  of  the  leaf  becomes 
more  or  less  isobilateral  (see  pp.  164,  686). 

A  most  remarkable  instance  of  a  fixed  light-position  with  vertical  surfaces, 
is  afforded  by  the  so  called  "  Compass-plants,"  SilpJiium  laciniatiim,  and 
Lactuca  Scariola.  The  surfaces  of  the  leaves  of  these  plants  are  not  only 
vertical  when  fully  exposed  to  bright  light,  but  they  place  themselves  in  a 
vertical  plane  which  more  or  less  nearly  coincides  with  the  meridian  of  the 
locality,  the  surfaces  of  the  leaves  facing  east  and  west.  It  is  this  relation  of 
the  fixed  light-position  of  the  leaves  to  the  points  of  the  compass  which  sug- 
gested the  name  "  Compass-plants." 

The  fact  that  the  ultimate  position  of  dorsiventral  leaves  is 
mainly  determined  by  light,  is  demonstrated  by  removing  them — 
whilst  still  growing,  and  therefore  capable  of  a  change  of  posi- 
tion— from  its  influence.  In  darkness  these  leaves  take  up  an 
altogether  different  position  (see  Fig.  479),  becoming  curved  in 
various  ways ;  when  again  exposed  to  light  they  resume  their 
previous  diaheliotropic  position. 

With  reference  now  to  radial  members,  it  may  be  generally 
stated  that  the  essential  feature  of  their  response  to  the  directive 
influence  of  light  is  that  they  tend  to  place  their  long  axes  in  the 
direction  of  incidence  of  the  brightest  light  falling  upon  them. 
Whereas  in  the  case  of  dorsiventral  members  the  important  point 
is  the  relation  of  the  morphologically  upper  surface  to  the  direction 
of  the  incident  rays ;  in  the  case  of  radial  members  the  important 
point  is  the  relation  of  the  long  axis  to  the  direction  of  the  incident 
rays. 
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An  exact  coincidence  between  the  direction  of  the  long  axis  of  the  member 
and  that  of  the  incident  rays  is,  however,  not  always  attained  in  nature,  on 
account  of  the  antagonistic  action  of  other  directive  influences.  This  point  is 
more  fully  discussed  on  p.  757. 

It  must  be  mentioned  that,  inasmuch  as  there  are  no  radial 
members  which  are  both  heliotropically  irritable  and  capable  of 
performing  movements  of  variation,  all  that  is  here  said  refers  to 
growing  radial  members. 

In  illustration,  the  case  of  a  radial  member  which  has  been 
grown  in  the  dark  may  be  taken,  and  it  may  be  assumed  to 
be  vertical.  Light  is  allowed  to  fall  upon  it  from  one  side  ;  the 
effect  is  a  gradual  curvature  of  the  member,  as  it  continues  to 
grow,  so  that  its  long  axis  comes  to  coincide  more  or  less  nearly 
with  the  direction  of  the  incident  rays. 

But  the  curvature  may  be  in  one  of  two  directions ;  it  may  be 
either  such  that  the  apex  of  the  member  comes  to  point  towards 
the  source  of  light,  or  such  that  it  points  in  the  opposite  direction. 
When  the  former  is  the  case  the  member  is  said  to  be  positively 
\heliotropic  ;  when  the  latter,  it  is  said  to  be  negatively  heliotropic. 

The  nature  of  the  curvature,  whether  positive  or  negative, 
depends  upon  the  specific  irritability  of  the  member.  Thus,  gene- 
rally speaking,  primary  shoots,  including  such  forms  as  the  stems 
of  Chara  and  Nitella,  the  peduncles  of  flowers,  the  stipes  of  the 
larger  Fungi,  and  the  gonidiophores  of  Moulds,  as  also  radial 
leaves  such  as  those  of  the  Onion,  are  positively  heliotropic. 
j Negative  heliotropism  has  been  observed  in  many  roots,  especially 
aerial  roots,  and  in  the  root-hairs  of  Marchantia.  W^ith  regard  to 
shoots,  the  hypocotyl  of  Viscum,  the  Mistletoe,  is  negatively  helio- 
tropic. ^ 

Although  the  relation  between  the  external  symmetry  of  the 
member  and  its  heliotropic  irritability  is  generally  that  indicated 
above,  yet  there  are  exceptions  :  all  dorsiventral  members  are  dia- 
heliotropic  ;  but  not  all  radial  members  are  positively  or  negatively 
heliotropic,  for  some  of  them  are  diaheliotropic.  It  seems  that 
continual  exposure  to  intense  light  falling  on  one  side  induces  at 
least  physiological  dorsiventrality  in  some  radial  members  (e.g. 
shoots  of  Ivy  and  Tropoeolum). 

It  is  frequently  stated  that  exposure  to  intense  light  causes  a  reversal  of 
heliotropic  properties  in  radial  members ;  for  instance,  that  a  shoot  which  is 
positively  heliotropic  in  moderately  intense  light  becomes  negatively  heliotropic 
in  very  intense  light.     The  true  explanation  of  such  cases  is  probably  this,  that 
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under  the  influence  of  intense  unilateral  illumination,  the  radial  organ  hecomes 
physiologically  dorsiventral ;  it  is  then  diaheliotropic  {not  negatively  helio- 
tropic)  in  place  of  being  positively  heliotropic,  and  any  curvature  which  it  may 
present  is  due  to  epinasty  or  hypooasty. 

The  flattened,  typically  isobilateral,  leaves  of  various  Monocoty- 
ledons, such  as  those  of  Iris,  appear  to  be  positively  heliotropic. 

e.  IrrihihiUty  to  the  Directive  Injiuence  of  Gravity  (Geoti-opism) . 

The  effects  of  the  stimulating  directive  action  of  gravity  must 
be  clearly  distinguished  from  those  which  are  due  to  the  mere 
weight  of  the  partsi  It  is  only  the  former  which  are  referred  to 
by  the  term  geofropism.  The  geotropic  curvatures  are  effected 
with  considerable  force,  and  will  take  place  even  against  consider- 
able resistance ;  for  instance,  it  has  been  observed  that  the  pri- 
mary roots  of  seedlings  will  curve  downward  into  mercury. 

Geotropic  irritability  is  manifested  by  various  members,  such  as 
stems,  leaves,  and  roots.  The  phenomena  of  geotropism  in  the 
three  categories  of  members,  the  dorsiventral,  the  radial,  and  the 
isobilateral,  will  now  be  studied. 

With  regard  to  dorsiventral  members,  it  appears  that  many 
leaves,  both  growing  and  motile,  lateral  shoots  of  Conifers  and  of 
many  dicotyledonous  shrubs,  runners,  etc.,  which  are  dorsiventral, 
take  up  such  a  position,  when  acted  upon  solely  by  gravity,  that 
•  their  longitudinal  axis  is  horizontal — that  is,  at  right  angles  to  the 
line  of  action  of  gravity,  the  vertical — and  that  their  morphologi- 
cally superior  surface  is  directed  upwards.  If  these  members  are 
moved  out  of  this  position  so  that  their  long  axis  is  not  horizontal, 
they  curve  until  it  is  so ;  or  if  they  be  so  moved  that  the  nor- 
mally upper  surface  faces  downwards,  they  twist  until  it  faces  up- 
\wards.  These  members  behave  in  respect  to  the  line  of  action  of 
•gravity  just  as  they  do  to  the  direction  of  the  incident  rays  of 
light.     They  are  diageotropic,  just  as  they  are  diaheliotropic. 

It  is  a  familiar  fact  that  at  all  points  of  the  earth's  surface  typi- 
cal radial  members,  such  as  primary  shoots  and  roots,  grow  with 
their  long  axis  vertical,  but  with  this  difference,  that  the  direction 
of  growth  of  the  primary  shoots  is  away  from  the  centre  of  the 
earth,  whereas  that  of  the  primary  roots  is  towards  the  centre  of 
the  earth.  It  can  be  readily  demonstrated  (by  Knight's  machine, 
Fig.  483)  that  this  vertical  direction  of  growth  is  due  to  the  force 
of  gravity,  that  it  is,  in  fact,  a  phenomenon  of  geotropism.  But 
the  effect  produced  is  precisely  opposite  in  the  two  cases ;  primary 
shoots  grow  in  a  direction  opposed  to  that  of  the  action  of  gravity, 

v.s.  B.  3  c 
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they  are  negatively  geotropic;  primary  roots  grow  in  the  same  direc- 
tion as  that  of  the  action  of  gravity,  they  are  positively  geotropic. 

If  these  members  be  moved 
out  of  their  normal  position, 
they  will  return  to  it  by 
performing  geotropic  cur- 
vature. 

The  principle  of  Knigbt's  ma- 
chine is  to  expose  growing  plants 
to  the  action  of  centrifugal  force, 

FIG.  482.-Geotropic  curvature  of  a  Pea-seedling  ^'^^^^"^  ^^^"^  (Fig.  483  7i)  or  to- 
placed  horizontally.  The  thicker  outline  indicates  gether  with  gravity  (A).  The 
the  original  positions  of  the  primary  shoot  and  object  of  it  is  to  demonstrate 
root ;  the  shoot  s  has  curved  upwards  in  the  that  gravity  is  the  directive  force 
course  of  its  growth,  the  root  a«  has  curved  ^^^^^^  determines  the  relative 
downwards.    The  bud  at  the  apex  of  the  shoot        ,.       ,.  ,  ,,         ,      , 

is  nutating.  directions  of    growth    of   shoots 

and  roots ;  the  line  of  reasoning 
being,  that  if  the  direction  of  growth  of  roots  and  shoots  can  be  affected  by  a 
known  physical  force,  such  as  the  centrifugal  force  of  a  rapidly  rotating  wheel,  in 
a  manner  analogous  to  that  observable  in  nature,  it  may  be  concluded  that  the 
natural  direction  of  growth  of  these  members  is  the  result  of  the  action  of  a 
physical  force,  and  this  force  is  doubtless  that  of  gravity.  In  Fig.  A,  the  seed- 
lings have  been  grown  on  a  rapidly  rotating  horizontal  wheel,  and  exposed 
consequently  to  the  action  both  of  gravity  and  of  centrifugal  force  :  the  result 
is,  that  the  primary  roots  and  shoots  still  grow  in  diametrically  opposite  direc- 
tions, but  the  line  of  growth  is  not  vertical,  as  in  nature,  but  oblique ;  hence  it 
follows  that  the  direction  of  growth  of  both  root  and  shoot  has  been  affected  by 
the  centrifugal  force.  In  B,  the  seedlings  have  been  grown  on  a  rapidly  rota- 
ting vertical  wheel :  in  consequence  of  the  continuous  change  in  position  with 
regard  to  the  vertical,  it  is  obvious  that,  in  this  experiment,  the  directive  action 
of  gravity  is  eliminated,  for  all  parts  of  the  seedlings  are  acted  upon  by  gravity 
for  successive  equal  times  in  opposite  directions :  the  only  force  in  action  is  the 
centrifugal  force,  with  the  result  that  the  primary  roots  have  grown  towards 
the  centre  of  the  wheel,  in  a  direction  contrary  to  that  of  the  line  of  action  of 
the  centrifugal  force,  whilst  the  primary  shoots  have  grown  outwards,  away 
from  the  centre  of  the  wheel,  in  the  same  direction  as  the  action  of  the  centri- 
fugal force.  It  is  clear  from  these  facts  (1)  that  a  purely  physical  force  can 
determine  the  direction  of  growth  of  roots  and  shoots  :  (2)  that  the  physical 
force  employed  (centrifugal  force)  affects  primary  roots  and  shoots  in  a  precisely 
contrary  manner :  and  it  may  be  concluded  that  since  the  phenomena  produced 
by  the  action  of  centrifugal  force  in  these  experiments  are  quite  analogous  to 
those  observable  in  nature,  the  cause  of  the  natural  phenomena  is  also  a  purely 
physical  force,  and  the  force  of  gravity  is  the  one  which  meets  all  the  necessary 
conditions. 

Another  mode  of  experimental  proof  is  by  means  of  a  machine  termed  a 
clinostat.     This  machine  differs  from  Knight's  machine  in  that  the  rotation  of 
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the  plant  is  very  slow,  so  that  no  centrifugal  force  is  set  up.  The  principle  of 
it  is  that,  by  slowly  rotating  a  plant  by  means  of  a  vertical  wheel  either  (as  in 
Fig.  483  B)  with  the  long  axis  of  the  plant  in  the  plane  of  the  wheel,  or  with  the 


Fio.  483  (after  Knight).— Diagrama  illostrating  experiments  with  Knight's  machine.  A 
Wheel  rotating  horizontally  on  a  vertical  axis;  B,  wheel  rotating  vertically  on  a  horizontal 
axis. 


754  PART    IV. — THE    PHYSIOLOGY    OF    PLANTS. 

lopg  axis  of  the  plant  perpendicular  to  the  plane  of  the  wheel,  each  part  is  ex- 
posed for  successive  equal  times  to  the  action  of  gravity  in  precisely  opposite 
directions,  so  that  the  directive  action  of  gravity  neutralises  itself.  The  result 
IB  that  a  stem  or  root  with  its  long  axis  horizontal  remains  perfectly  straight 
when  rotated  on  the  clinostat,  provided  that  other  disturbing  influences  (light, 
etc.)  are  excluded ;  and  the  fact  that  the  empirical  results  given  by  the  machine 
exactly  correspond  to  what  would  be  theoretically  anticipated  on  the  hypothesis 
that  gravity  is  the  active  directive  force  in  geotropic  curvature,  is  strong  con- 
firmatory evidence  of  the  conclusions  to  be  drawn  from  experiments  with 
Knight's  machine. 

The  geotropic  influence  of  gravity  is  greatest  when  the  radial 
member  is  in  a  horizontal  position;  that  is,  the  curvature  into  the 
normal  position  then  takes  place  with  the  greatest  rapidity.  But 
the  visible  effect  is  the  more  marked,  the  further  the  member  is 
removed  from  its  normal  position  ;  for  instance,  when  a  primary 
shoot  is  turned  upside  down,  a  curvature  of  180°  has  to  be  per- 
formed in  order  that  the  apex  may  again  point  upwards. 

In  addition  to  the  primary  shoots  of  seedlings,  the  following  radial  members 
are  negatively  geotropic;  the  stipes  of  Mushrooms,  the  gonidiophores  of  Moulds, 
the  stems  of  Characese,  the  stalks  of  the  receptacles  of  Liverworts,  tbe  peduncles 
of  many  flowers,  tbe  setse  of  Mosses,  etc.  Also  isobilateral  leaves,  such  as  those 
of  Iris  ;  when  placed  horizontally  in  darkness,  whether  flat  or  edgeways,  they 
curve  upwards. 

In  addition  to  the  primary  roots  of  seedlings,  the  following  radial  members 
are  positively  geotropic;  the  hypbce  of  Fungi  which  penetrate  into  the  sub- 
stratum, the  root  like  filaments  of  Vaucheria,  and  other  Algje,  the  rhizoids  of 
Muscineffi,  tbe  rhizomes  of  Yucca  filamentosa  and  of  Cordyline  ruhra,  etc. 

An  instance  of  tlie  absence  of  geotropic  irritabilitv  in.  a, growing  member  is 
afforded  by  the  hypocotyl  of  the  Mistletoe. 

The  degree  of  geotropic  irritability  is  not  the  same  in  all  radial 
members.  It  may  be  generally  stated  that  the  lateral  branches 
both  of  shoots  and  roots  are  less  irritable  than  primary  shoots  and 
roots.  For  instance,  the  secondary  branches  of  roots  grow,  not 
vertically  downwards,  but  obliquely  outwards  and  downwards,  in 
the  soil. 

All  radial  members  are  not,  however,  either  positively  or  nega- 
tively geotropic  ;  some,  such  as  the  rhizomes  of  Heliocharis palustrisj 
Sparganium  ramosum,  and  Scirpus  maritiinus,  are  diageotropic. 

It  has  been  observed  in  some  cases  that  the  nature  of  the  geo- 
tropic irritability  of  a  member  may  change  in  the  course  of  its 
development.  For  instance,  the  peduncle  of  the  Poppy  is  posi- 
tively geotropic  whilst  the  flower  is  in  the  bud,  but  negatively 
geotropic  during  flowering  and  fruiting.      Again,  the  flowers  of 
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the  Daffodil  are  negatively  geotropic  when  in  the  bud,  but  they 
become  diageotropic  as  they  open. 

/.  Irritability  to  Differences  in  the  degree  of  Moisture  in  the  sur- 
rounding Medium  (Hydrotropism). 

Irritability  of  this  kind  is  especially  characteristic  of  earth-roots 
which  possess  it  in  a  high  degree.  It  can  be  readily  demon- 
strated by  a  well-known  experiment.  Peas  or  Beans  are  made  to 
germinate  in  a  sieve  full  of  damp  sawdust,  the  sieve  being  sus- 
pended in  a  slanting  position.  The  primary  roots  grow  down- 
wards through  the  sawdust,  and  escape  into  the  air  (which  is 
kept  moist).  At  first  they  grow  vertically  downwards  in  conse- 
quence of  their  positive  geotropism,  but  they  soon  curve  up- 
wards towards  the  moist  surface.  They  do  this  in  virtue  of  their 
hydrotropic  irritability,  and  it  is  clear  that  they  are  positively 
hydrotropic. 

g.  Irritability  of  other  kinds.  It  has  been  ascertained  by  experi- 
ment that  members  of  various  kinds  may  be  stimulated  to  curva- 
ture by  other  causes,  such  as  differences  of  temperature  on  the 
two  sides,  galvanic  currents,  the  flowing  of  currents  of  water,  and 
by  the  presentation  of  various  chemical  substances;  but  these 
various  phenomena  are  not  of  such  immediate  importance  to  the 
well-being  of  the  plant  as  those  which  have  been  described  above 
in  detail. 

The  stimulating  action  of  certain  chemical  substances  {chemio- 
taxis)  is,  however,  of  some  importance  in  connexion  with  the 
reproductive  processes.  It  had  been  frequently  observed  that  the 
motile  male  cells  (spermatozoids)  of  plants  possessing  them 
appeared  to  be  attracted  to  the  female  organ,  fertilisation  being 
thus  ensured,  but  the  cause  of  this  has  only  recently  been  as- 
certained, and  only  in  certain  cases.  It  appears  that  the  female 
organ,  when  it  is  fit  for  fertilisation,  excretes  into  the  surround- 
ing water  a  substance  which  attracts  the  male  cells.  In  Ferns 
and  Selaginella  this  substance  is  a  compound  of  malic  acid  ;  in 
'Mosses  it  is  cane-sugar. 

§  13.  Localisation  of  Irritability.  Among  members  which 
perform  movements  of  variation,  there  are  many  instances  of  well- 
defined  localisation  of  irritability.  Thus,  in  the  Sensitive  Plant, 
no  movement  ensues  when  the  upper  side  of  the  pulvinus  of  the 
primary  petiole  is  touched,  but  only  when  the  sensitive  hail's  on 
the  under  side  of  the  pulvinus  are  touched  ;  and,  in  the  leaflets, 
it  is  the  upper  side  of  the  pulvinus  which  is  sensitive.    In  Drosera, 
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the  irritability  of  the  tentacles  is  localised  in  the  terminal  gland. 
In  Dionaea,  movement  only  ensues  when  the  irritable  hairs  on  the 
upper  surface  of  the  leaf  are  touched. 

Among  growing  organs,  tendrils  offer  well-marked  localisation 
of  irritability.  In  most  tendrils  the  lower  or  basal  part  is  either 
not  at  all  sensitive,  or  is  sensitive  only  to  prolonged  contact. 
Most  tendrils  have  their  tips  slightly  hooked,  and  their  irritability 
is  localised  in  the  concavity  of  this  curvature.  The  tendrils  of 
Cohcea  scandens  and  of  Gissus  discolor  ai'e  irritable  on  all  sides ;  in 
those  of  Mutisia  the  inferior  and  lateral  surfaces  are  irritable,  btit 
not  the  superior.  The  irritability  of  the  root  to  the  pressure  of 
obstacles  (see  pp.  683,  743)  is  localised  in  the  tip. 

The  foregoing  examples  sufficiently  prove  the  localisation  of 
irritability  to  mechanical  stimulation  :  and  the  question  arises 
whether  or  not  irritability  to  other  stimuli  is  also  localised.  It 
has  been  ascertained  that  this  is  the  case,  in  connexion  with 
heliotropism  and  geotropism,  at  least  in  certain  plants.  Thus,  the 
heliotropic  irritability  {i.e.  sensitiveness  to  the  directive  influence 
of  light)  of  the  cotyledons  of  certain  Grasses,  though  not  abso- 
lutely confined  to  the  tip,  has  been  found  to  reside  especially  in 
that  part,  and  the  same  is  the  case  with  the  primary  shoot  of 
many  dicotyledonous  seedlings  and  with  young  shoots  of  various 
plants.  The  geotropic  irritability  of  roots  also  resides  in  the  tip, 
and  this  appears  to  be  also  true  of  other  members. 

§14.  Transmission  of  Stimuli.  The  most  striking  instances 
of  this  are  offered  by  motile  leaves,  such  as  those  of  the  Sensitive 
plant  and  of  Drosera.  If  the  terminal  pair  of  leaflets  of  a  pinna 
of  the  leaf  of  the  Sensitive  Plant  be  irritated,  not  only  will  they 
fold  up,  but  each  of  the  other  pairs  of  leaflets  of  the  same  pinna 
will  fold  up  in  succession  ;  if  the  stimulus  is  sufficiently  strong, 
its  eft'ect  may  extend  to  other  pinnse  causing  their  leaflets  to  fold 
up,  or  to  the  secondary  petioles  causing  them  to  converge,  or  even 
to  the  main  petiole  which  then  sinks  downward  (see  Fig.  472). 
Stimulation  of  one  leaf,  if  sufficiently  powerful,  will  cause  move- 
ment in  another.  In  the  case  of  Drosera,  stimulation  of  the  central 
tentacles  of  a  leaf  causes  the  inflexion  of  the  marginal  tentacles. 

In  so  far  as  heliotropic  and  geotropic  irritability  is  localised  in 
the  tips  of  growing  members,  these  must  also  afford  instances  of 
transmission  of  stimuli.  The  stimulus  acts  upon  the  irritable  tip, 
and  the  impulse  is  transmitted  to  the  region  in  which  the  curva- 
ture takes  place. 
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The  means  by  which  stimuli  are  transmitted  is  a  matter  which 
is  still  under  discussion  ;  but  it  appears  that  the  means  of  trans- 
mission is  not  the  same  in  all  cases.  Whilst  in  some,  such  as 
tendrils  and  the  leaves  of  Drosera,  the  stimulus  is  probably  trans- 
mitted by  means  of  the  delicate  protoplasmic  filaments  which  con- 
nect the  protoplasm  of  adjacent  cells  (see  p.  91)  ;  in  others,  for 
instance  Mimosa  }>udica,  the  stimulus  is  transmitted  as  a  dis- 
turbance of  the  hydrostatic  equilibrium  of  the  cells :  it  would,  in 
fact,  appear  that  whilst  the  former  means  of  transmission  suffices 
for  a  short  distance,  the  latter  is  necessary  when  the  distance  to 
be  traversed  is  considerable.  In  Mimosa  ptidica  there  appears  to 
be  a  special  tissue  along  which  the  stimulus  is  conducted  :  it  be- 
longs to  the  bast,  and  consists  of  large  elongated  cells  with  pitted 
cellulose  walls. 

7  he  Latent  Period.  It  has  been  observed,  more  especially  with 
regard  to  the  heliotropic  and  other  curvatures  of  radial  growing 
organs,  that  the  curvature  does  not  become  apparent  for  some  con- 
siderable time  after  the  stimulus  has  begun  to  act.  This  interval 
is  the  Latent  Period.  For  instance,  it  has  been  ascertained  that 
the  primary  shoots  of  Bean-seedlings  do  not  begin  to  curve  helio- 
tropically  for  two  hours  after  an  exposure  of  one  hour  to  unilateral 
illumination. 

When,  however,  the  stimulus  to  curvature  has  acted  for  a 
sufficient  time,  the  curvature  will  eventually  take  place  even 
though  the  stimulus  has  ceased  to  act :  the  conditions  of  curvature 
have  been  induced,  that  is,  even  before  the  curvature  can  be 
observed. 

In  explanation,  it  may  be  suggested  that,  in  growing  members, 
the  stimulus  is  conveyed  but  slowly  from  the  seat  of  irritability 
to  the  seat  of  curvature ;  and  it  is  obvious  that  the  curvature  of  a 
growing  cellular  member  is  a  process  which,  on  mechanical  grounds 
in  relation  with  the  rate  of  growth,  cannot  be  effected  rapidly. 

§15.  Combined  Effects  of  different  Stimuli.  Inasmuch 
as  it  is  commonly  the  case  that  the  motile  members,  whether 
growing  or  mature,  are  irritable  to  stimuli  of  various  kinds,  it  is 
clear  that  the  assumption  by  them  of  any  particular  position  is 
the  resultant  effect  of  the  stimuli  which  may  be  acting  simul- 
taneously. The  phenomena  in  question  are  strikingly  manifested 
by  growing  members,  and  it  is  to  these  that  the  following  account 
especially  refers. 

According  to  the  position  assumed  in  the  coarse  of  their  growth 
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under  the  influence  of  various  external  directive  influences,  plant- 
members  may  be  conveniently  classified  into  those  which  have 
their  long  axis  vertical,  and  those  which  have  their  long  axis 
oblique  or  horizontal,  the  former  are  distinguished  as  orthotropic, 
the  latter  as  plaqlotropic.  Most  radial  and  isobilateral  members 
are  orthotropic;  all  dorsi ventral,  and  some  radial  members  are 
plagiotropic.  For  instance,  radial  primary  shoots  and  roots  are 
orthotropic;  all  dorsiventral  leaves,  etc.,  are  plagiotropic ;  lateral 
branches  of  shoots  and  roots,  even  though  radial,  are  plagiotropic. 

The  directive  influences  which  mainly  determine  the  direction 
of  growth  of  radial  primary  shoots  are  gravity  and  the  direction 
of  the  incident  rays  of  light,  and  the  shoots  themselves  are  nega- 
tively geotropic  and  positively  heliotropic.  If  only  the  conditions 
are  such  that  each  side  of  the  shoot  receives  an  equal  amount  of 
light,  as  when  the  plant  grows  quite  in  the  open,  no  heliotropic 
curvature  takes  place,  and  the  shoot  grows  erect.  But  when  one 
side  of  the  plant  is  shaded,  as  when  it  grows  by  the  side  of  a  hedge, 
the  shoot  in  most  cases  curves  heliotropically  out  of  the  vertical. 
This  curvature  is  the  resultant  effect  of  the  negative  geotropism 
of  the  shoot  which  tends  to  keep  it  straight,  and  its  positive  helio- 
tropism  which  tends  to  make  it  curve  more  than  it  actually  does. 
Unilateral  illumination  usually  causes  some  degree  of  curvature 
in  shoots,  because,  as  a  rule,  their  heliotropic  irritability  is  higher 
than  their  geotropic  irritability.  Exceptions  to  this  rule  have 
been  found  in  the  inflorescences  of  Verbascum  and  Dipsacus, 
which  remain  erect  even  when  one  side  is  shaded. 

Similarly,  the  influences  which  ordinarily  determine  the  direc- 
tion of  growth  of  radial  primary  roots,  are  gravity  and  the  distri- 
bution of  moisture  in  the  soil.  If  the  soil  is  uniformly  moist,  the 
root  grows  vertically  downwards  under  the  influence  of  gravity; 
but  if  the  soil  is  not  uniformly  moist,  the  root  will  curve  out  of 
the  vertical  towards  the  moister  area,  because  its  hydrotropic  is 
greater  than  its  geotropic  irritability. 

The  conditions  which  determine  the  plagiotropic  position  of 
most  radial  lateral  branches  of  shoots  are  these :  they  are  nega- 
tively geotropic,  and  they  are  diaheliotropic,  at  least  in  intense 
light.  In  darkness  they  grow  erect,  in  virtue  of  their  negative 
geotropism.  Some  radial  subterranean  rhizomes  are,  however,  dia- 
geotropic  (see  p.  754).  The  oblique  growth  of  lateral  roots  is 
simply  due  to  their  feeble  geotropic  irritability. 

The  conditions  which   determine    the  plagiotropic   position   of 
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dorsiventi^l  members  are  these  :  they  are  both  diageotropio  and 
diaheliotropio.  But  inasmnch  as  their  heliotropic  is  higher  than 
their  geotropic  irritability,  their  ultimate  position  is  that  in  which 
the  incident  rays  of  appropriate  intensity  fall  nearly  or  exactly 
at  right  angles  upon  the  upper  surface. 

It  will  be  observed  that,  as  a  rule,  in  growing  members  which 
are  heliotropically  irritable,  this  irritability  is  higher  than  any 
other  ;  consequently  the  ultimate  position  assumed  by  the  mem- 
ber is  mainly  determined  by  the  direction  of  the  incident  rays  of 
light,  and  it  is  termed,  therefore,  a  light-position  (see  p.  748), 
although  other  directive  influences  ma}'  have  contributed  to  its 
assumption. 

The  most  remarkable  case  of  combined  effects  is  afforded  by  the 
growth  of  twining  stems.  A  twining  stem,  at  its  first  develop- 
ment, is  straight,  but  after  it  has  come  to  consist  of  two  or  three 
internodes  its  apex  hangs  over  to  one  side,  for  the  stem  is  not 
sufficiently  rigid  to  support  its  own  weight.  It  then  exhibits  cir- 
cumnutation  in  a  marked  manner.  If  once  it  comes  into  contact 
with  a  more  or  less  vertical  support  of  appropriate  thickness,  it 
twines  round  it. 

The  analysis  of  the  phenomenon  of  twining  is  still  a  matter  of 
'discussion.  The  main  facts  are  the  following.  Twining  stems  are 
strongly  negatively  geotropic  ;  this  is  proved  by  the  fact  that  they 
will  not  twine  round  very  oblique  or  horizontal  supports.  Again, 
contact  with  a  support  interferes  mechanically  with  the  circum nu- 
tation of  the  stem,  and  causes  it  to  take  place  in  an  orbit  of  which 
the  support  is  the  axis.  Finally,  a  twining  stem  usually  undergoes 
torsion,  that  is,  a  twisting  about  its  own  axis,  and  this  has  been 
suggested  as  an  essential  factor  in  the  process  of  twining  ;  but  there 
is  not  evidence  to  support  this  suggestion. 

The  commonly  accepted  explanation  of  twining  is  that  it  is 
due  to  the  negative  geotropism  of  the  stem,  combined  with  its  cir- 
cumnutation  modified  by  contact  with  the  support;  but  it  is 
doubtful  if  this  explanation  is  adequate.  It  has  been  suggested, 
with  some  show  of  reason,  that  twining  stems  are  irritable,  like 
tendrils,  though  in  a  less  degree,  to  continuous  contact  with  a  sup- 
port. It  is  admitted  that  the  stem  of  the  Dodder  (see  pp.  685, 
743)  is  thus  irritable.  If  this  be  so,  then  the  irritability  of  twining 
stems  is  the  most  important  factor  in  the  process. 

In  order  to  investigate  independently  the  degree  and  the  kind  of  geotropic 
and  heliotropic  irritability  of  a  member,  it  is  uecessary  to  be  able  to  exclude 
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the  directive  influence  of  light  and  of  gravity.  The  influence  of  light  can  be 
easily  climated  by  performing  the  experiments  in  darkness,  or  by  rotating  the 
plant  so  that  each  part  of  the  member  under  observation  is  exposed  for  equal 
lengths  of  time  to  rays  of  light  falling  upon  it  in  all  directions,  so  that  the  helio- 
tropic  effect  is  the  same  on  all  sides,  and  no  curvature  is  produced.  The  influ- 
ence of  gravity  can  likewise  be  eliminated  by  slowly  rotating  the  plant,  so  that 
each  side  of  the  organ  is  placed  for  equal  times  successively  in  all  possible 
positions  with  respect  to  the  vertical ;  the  geotropic  effect  is  therefore  the 
same  on  all  sides,  and  no  curvature  is  produced.  The  instrument  used  for  this 
purpose  is  the  clinostat  (see  p.  752). 

§  16.  Conditions  of  Movement.  Inasmuch  as  the  move- 
ments under  consideration  are  vital,  they  can  only  take  place 
when  the  external  conditions  are  favourable  to  the  life  of  the 
plant.  The  following  conditions  are  essential  ;  a  moderate  tem- 
perature, extremes  of  heat  and  cold  arrest  movement ;  a  supply  of 
water,  all  movements  are  arrested  by  drought ;  a  supply  of  free 
oxygen,  in  the  case  of  aerobiotic  plants  (p.  722)  ;  and,  in  some 
cases,  exposure  to  light  of  a  certain  intensity. 

The  importance  of  exposure  to  light  as  a  condition  of  movement 
requires  special  consideration.  It  has  been  ascertained  to  be 
essential  to  movements  of  the  most  different  kind.  For  instance, 
a  Bacterium  (^Bacterium  photometricum)  has  been  found  to  be 
motile  only  when  exposed  to  light.  Again,  various  movements  of 
variation,  such  as  those  of  the  foliage-leaves  of  Mimosa,  etc.,  do 
not  take  place  unless  the  plant  either  is,  or  recently  has  been, 
exposed  to  light.  But  the  most  important  case  is  the  arrest 
of  growth  of  dorsiventral  members  when  kept  in  darkness.  For 
example,  if  a  potato-tuber  sprouts  in  a  dark  chamber,  the  produced 
shoots  have  excessively  elongated  internodes  (see  p.  674),  but  very 
small  leaves ;  the  growth  of  the  leaves  is  arrested  in  darkness. 
On  the  other  hand,  intense  light  retards  movement  (e.g.  its  action 
on  growth)  or  altogether  arrests  it  (e.g.  arrest  of  spontaneous 
movement  of  the  leaves  of  tlie  Sensitive  Plant). 

What  is  exactly  the  influence  of  light  in  promoting  movement 
is  not  understood,  but  it  is  termed  the  phototonic  influence  (p. 
674)  ;  it  induces,  that  is,  a  particular  condition,  the  condition  of 
phototonus,    in  the  protoplasm,  without  which  movement  is  im- 

( possible.  [It  appears  that  the  rays  of  low  refrangibility  (red- 
yellow)  are  most  favourable  for  the  phototonic  condition. 

Irritability  also  depends  upon  the  above   essential  conditions : 

I  in  fact,  induced  movements  are  more  rapidly  arrested  by  un- 
favourable   conditions   than   are   spontaneous   movements.      For 
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instance,  when  a  Sensitive  Plant  is  kept  in  continuous  darkness, 
the  leaves  first  lose  their  power  of  responding  to  stimuli,  and 
later  their  spontaneous  movements  cease. 

Irritability  may  also  be  abolished  by  special  means.  For  in- 
stance, exposure  to  the  vapour  of  chloroform  or  ether  destroys  the 
irritability  of  the  leaves  of  the  Sensitive  Plant.  Again,  it  may  be 
abolished  by  repeated  stimulation,  the  interval  between  the  stimu- 
lations being  very  short.  This  has  been  observed  in  the  case  of 
the  leaves  of  the  Sensitive  Plant  and  of  Dionaea. 

§17.  Mechanism  of  the  Movements.  The  ultimate  factor 
in  the  mechanism  of  the  vital  movements  of  plants,  whether  spon- 
taneous or  induced,  is  the  motility  of  the  protoplasm  (see  p.  670). 

Though  the  intimate  mechanism  of  the  motility  of  protoplasm 
is  not  fully  understood,  yet  a  consideration  of  the  mechanism  of 
the  movements  described  above  will  be  instructive.  With  regard 
to  the  streaming  movement  of  the  protoplasm,  it  is  probably  due 
to  wave-like  contractions  and  expansions  of  the  protoplasm.  The 
mechanism  of  the  movements  of  the  contractile  vacuoles  appears 
to  be  this  :  the  systole  of  the  vacuole  is  due  to  the  sudden  active 
,  contraction  of  the  protoplasm,  the  contained  liquid  being  expelled; 
the  diastole,  to  the  active  but  gradual  expansion  of  the  protoplasm, 
the  cavity  of  the  vacuole,  as  it  enlarges,  being  filled  with  liquid. 
The  protrusion  and  retraction  of  pseudopodia  in  amoeboid  move- 
ment may  be  accounted  for  in  the  same  way ;  the  protrusion  is 
probably  analogous  to  the  diastole  of  the  contractile  vacuole,  the 
retraction  to  the  systole.  A  similar  explanation  may  be  offered 
of  ciliary  movement. 

The  movements  of  cellular  members  take  place    in  a  definite 
region,  which  may  be  distinguished  as  the  motile  region ;  this  is, 
in  growing  members,  the  region  of  elongation  (see  p.  738)  ;  and,  in 
mature  members,  is  a  more  or  less  well-marked  region  of  motile 
tissue  which  may  constitute  a  distinct  motile  organ  (e.g.  pulvinus 
I  of  a  motile  leaf).     The  movements  depend  essentially  upon  varia- 
I  tions  in  bulk  of  the  cells,  and  these,  in  turn,  upon  variations  in 
I  turgidity  (see  p.  668).     It  is  clear  that  if  the  turgidity,  that  is 
the  hydrostatic  pressure  of  the  cell-contents,   increases,  the  cell 
will  expand  provided  that  the  wall  be  extensible  ;  and  conversely, 
that  if  the  turgidity  diminishes,  the  cell  will  shrink,  provided  the 
wall   be  elastic.     Movement  can  only  take  place  when  the  cell- 
walls   possess  these  physical  properties :  hence,  the   pulvinus  of 
mature  motile  leaves  consists  mainly  of  parenchymatous  cells  with 
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unlic^nified  walls,  the  lignified  tissue  being  reduced  as  much  as 
possible  :  similarly,  in  the  elongating  region  of  growing-members 
the  cell-walls  are  thin  and  unlignified.  But  whilst  the  movements 
of  variation  (p.  737)  are  the  result  of  a  sudden  loss  of  turgidity, 
which,  is  either  spontaneous  or  the  effect  of  stimulation,  the  move- 
ment of  growth  depends  upon  the  maintenance  of  turgidity,  and 
the  variations  in  tlie  rate  of  growth  (see  p.  738)  are  the  expression 
of  variations  in  the  degree  of  turgidity. 

Brief  allusion  may  here  be  made  to  the  controversy  as  to  the  mechanics  of 
growth  of  the  cell-wall.  The  two  conflicting  theories  are  (1)  the  tljeory  of 
intussusception,  according  to  which  the  growth  of  the  cell-wall  is  due  to  the 
intercalation  of  new  particles  (micellse)  of  solid  substance  between  the  already 
existing  particles  of  the  wall ;  and  (2)  the  theory  of  apposition,  according  to 
which  the  growth  of  the  cell-wall  is  due  to  the  repeated  deposition  of  layers  of 
substance  on  the  internal  surface  of  the  original  wall.  Neither  of  these  theories 
gives  a  completely  satisfactory  explanation  of  all  the  phenomena  of  growth  of 
the  cell-wall,  nor  are  they  mutually  exclusive.  It  seems  that  the  growth  in 
suiface  of  the  cell- wall  can  be  most  satisfactorily  explained  on  the  intussus- 
ception-theory, and  the  growth  in  thickness  on  the  apposition-theory.  Both 
theories,  as  generally  stated,  seem  to  involve  the  assumption  that  the  growth  in 
surface  of  the  cell-wall  is  dependent  upon  the  turgidity  of  the  cell :  but  this 
assumption  is  not  necessary  to  the  intussusception-theory,  and  it  is  probably 
even  inadmissible. 

The  following  instances  will  serve  to  illustrate  the  foregoing 
considerations. 

A  simple  case  is  offered  by  the  induced  movement  of  the  stamens 
of  the  Cynarese  (p.  692).  When  at  rest,  the  cells  of  the  filaments 
are  expanded  in  the  direction  of  their  length,  and  are  turgid ;  on 
stimulation,  the  cells  suddenly  shorten  and  become  flaccid,  having 
lost  a  portion  of  their  cell-sap.  The  expanded  state  is  regained  by 
the  gradual  expansion  of  the  cells,  turgidity  being  restored  by  the 
absorption  of  water. 

In  the  foregoing  case,  all  the  cells  of  the  motile  portion  are 
affected ;  but  in  many  cases  some  only  of  the  cells  are  affected. 
Thus,  in  the  case  of  the  leaf  of  the  Sensitive  Plant,  the  primary 
petiole,  when  at  rest,  stands  out  nearly  at  right  angles  to  the  stem 
(Fig.  472,  p.  690)  :  on  stimulation,  it  sinks  downwards  so  as  to 
form  an  acute  angle  with  the  internode  below  its  insertion.  The 
mechanism  is  this  :  when  at  rest,  the  cells  of  the  pulvinus  are  all 
? turgid,  and  they  support  the  petiole  in  its  normal  position:  on 
/  stimulation,  the  cells  of  the  lower  portion  of  the  pulvinus  l.o§e 
their  turgidity,  water  escaping  from  them  into  the  intercellular 
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spaces;  these  cells,  being  flaccid,  are  unable  to  counteract  the 
downward  pressure  of  the  still  turgid  cells  of  the  upper  half  of  the 
pulvinus,  and  to  support  the  weight  of  the  leaf;  consequently  the 
primary  petiole  sinks  downwards.  The  same  mechanism  obtains 
in  the  movements  of  the  leaflets  and  of  the  secondary  petioles  ;  the 
only  difference  being  that,  in  the  pulvinus  of  a  leaflet,  it  is  the 
cells  of  the  upper  half  of  the  pulvinus  which  lose  their  turgidity 
on  stimulation,  so  the  leaflet  is  raised  upwards  ;  and,  in  the  pul- 
vinus of  the  secondary  petiole,  it  is  the  cells  of  the  inner  half 
which  lose  their  turgidity,  so  the  secondary  petioles  approach  the 
middle  line.  This  account  is  also  applicable  to  all  side- to-side  I 
movements,  such  as  that  of  the  leaf  of  Diontea,  and  that  of  the! 
stamens  of  Berberis  and  Mahonia.  I 

The  heliotropic  or  other  curvatures  taking  place  in  the  elonga- 
ting region  of  growing  cellular  members,  are  due  to  the  shortening 
of  the  cells  on  the  side  becoming  concave,  and  to  the  elongation  of 
the  cells  on  the  side  becoming  convex.  The  mechanism  of  the 
curvature  seems  to  depend  in  this  case  not  so  much  upon  a  differ- 
ence of  turgidity  between  the  cells  of  the  two  sides  as  upon  a 
difference  in  its  effect :  whereas  turgidity  induces  the  usual  longi- 
tudinal elongation  of  the  cells  of  the  convex  side,  it  induces  longi- 
tudinal shortening  in  the  cells  of  the  concave  side  in  consequence 
of  extension  in  the  other  dimensions. 

Turgidity  is  then  the  main  factor  in  the  mechanism  of  the  move- 
j  ments  of  cellular  members  ;  its  mechanical  importance  is  further 
strikingly  illustrated  by  the  great  rigidity  of  turgid  members,  and 
by  the  great  force,  equivalent  in  same  cases  to  twenty  times  the 
atmospheric  pressure,  which  they  develope  in  opposition  to  ex- 
ternal resistance,  as  when  the  roots  of  trees  cause  the  splitting  of 
walls  or  of  pavements.  Although  one  essential  factor  in  turgidity 
(see  p.  668)  is  the  purely  physical  osmotic  activity  of  substances 
in  the  cell-sap,  it  must  not  be  forgotten  that  it  also  depends  upon 
the  resistance  offered  by  the  protoplasm  to  filtration  under  pres-. 
sure:  so  that  the  maintenance  of  turgidity  is  after  all  a  vital  act.j 
The  maintenance  of  turgidity  appears,  in  fact,  to  depend  upon  a 
certain  state  of  molecular  aggregation  of  the  protoplasm  lining 
the  cell-wall,  in  which  it  offers  resistance  to  the  escape  of  the 
cell-sap ;  whereas  in  the  flaccid  condition  the  state  of  molecular 
aggregation  of  the  protoplasm  is  such  that  it  readily  permits  the 
escape  of  the  cell-sap  under  the  elastic  pressure  of  the  cell- wall. 

Whilst  the  fundamental  mechanism  of  the  moveraent  of  mature 
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motile  members  and  that  of  growing  members  is  essentially  the 
same,  there  is  this  secondary  difference  between  the  two  cases. 
JThe  change  of  position  which  is  the  result  of  the  movement  of 
,;mature  members,  is  reversible  ;  they  can  return  to  their  foi'mer 
position  :  the  change  of  position,  curvature  for  instance,  of  growing 
members  is  reversible  only  so  long  as  it  has  not  been  rendered 
permanent  by  actual  deposition  of  substance.  Thus  the  changes  of 
position  due  to  the  nutation  (p.  741)  of  growing  members  are  only 
temporary,  for  they  are  of  brief  duration  ;  but  changes  of  position 
due  to  some  directive  influence  acting  for  a  considerable  time 
become  permanent,  for  instance,  the  light-positions  (p.  748)  assumed 
by  growing  members. 

The  general  conclusion  to  be  drawn  from  the  consideration  of 
the  phenomena  of  movement  is  that  motile  protoplasm  may  be  in 
one  of  two  states  of  aggregation ;  either  in  the  state  of  expansion, 
or  in  the  state  of  contraction ;  and  that  it  is  capable  of  passing  from 
the  one  state  to  the  other :  in  fact  the  term  '*  motility  "  simply 
means  the  property  in  virtue  of  which  the  protoplasm  can  change 
its  state  of  aggregation.  In  the  case  of  cellular  members,  the 
state  of  expansion  is  that  in  which  the  protoplasm  is  impermeable 
to  the  cell-cap,  and  the  cell  is  turgid ;  whereas  the  state  of  con- 
traction is  that  in  which  the  protoplasm  is  permeable  to  the  cell- 
sap,  and  the  cell  is  consequently  flaccid.  The  state  of  expansion 
may  be  regarded  as  the  normal  condition  :  the  state  of  contraction 
is  a  more  or  less  sudden  deviation  from  this  condition,  the  result 
of  the  action  of  internal  or  external  causes ;  of  internal  causes,  as 
in  the  case  of  the  spontaneous  movements ;  of  external  causes,  as 
in  the  case  of  the  induced  movements. 

This  account  of  the  mechanism  of  the  movement  of  cellular  members  applies 
equally  to  the  production  of  the  root-pressure  (see  p.  701)  and  to  the  opening 
and  closing  of  the  stomata  (see  p.  698). 

The  ultimate  point  to  be  considered  is  the  conception  to  be 
formed  as  to  the  nature  of  the  change  of  state  of  the  protoplasm. 
It  has  been  ascertained  that,  in  the  more  striking  cases  of  induced 
movements,  such  as  those  of  the  leaves  of  the  Sensitive  Plant,  the 
passage  from  the  state  of  expansion  to  that  of  contraction  is  accom- 
panied by  a  rise  of  temperature,  and  by  certain  electrical  phe- 
nomena :  this  indicates  that  it  is  intimately  connected  with  some 
catabolic  process.  It  appears  probable  that  the  rapid  passage 
from  the  expanded  to  the  contracted  state  is  determined  by  the 
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sudden  explosive  decomposition  of  some  complex  substance.  In 
the  spontaneous  or  automatic  movements,  the  decomposition  takes 
place  spontaneously  ;  in  the  induced  movements,  the  decom- 
position is  determined  bj  the  action  of  the  stimulus.  Though  the 
phenomena  in  question  have  only  been  observed  in  cases  in  which 
the  contraction  is  sudden  and  violent,  yet  the  explanation  is 
applicable  to  all  cases  of  contraction.  It  appears,  therefore,  that 
all  movements  associated  with  contraction  are  attended  by  a 
dissipation  of  energy  in  the  form  of  heat  and  electricity.  During 
ithe  gradual  resumption  of  the  expanded  condition,  a  process  of 
'anabolism  probably  goes  on  which  leads  to  the  formation  of  a  fresh 
quantity  of  the  decomposable  substance,  in  consequence  of  which 
the  protoplasm  again  becomes  irritable  and  capable  of  performing 
another  movement. 

The  effect  of  various  external  conditions,  such  as  exposure  to 
light,  long-continued  darkness,  deprivation  of  oxygen,  etc.,  in 
retarding  or  inhibiting  movement,  may  be  ascribed  generally  to 
an  interference  with  the  motility  of  the  protoplasm,  and  more 
especially  to  an  interference  with  the  change  in  its  state  of  aggre- 
gation upon  which  the  variation  in  turgidity,  leading  to  movement, 
depends.  For  instance,  the  retardation  of  the  rate  of  growth  by 
light,  is  the  result  of  a  diminished  degree  of  turgidity  as  is  proved 
by  the  diminution  of  the  tissue-tensions.  The  arrest  of  movements 
of  variation  by  darkness  is  probably  to  be  ascribed  to  the  suppres- 
sion of  the  chemical  processes  active  in  the  formation  of  substances 
upon  the  presence  of  which  the  passage  of  the  protoplasm  from 
the  state  of  expansion  to  that  of  contraction  depends  :  and  it  may 
be  that  the  effect  of  light  in  inducing  the  condition  of  phototonus 
(see  p.  760)  is  due  to  its  influence  in  promoting  these  chemical 
processes. 

In  conclusion,  the  mechanical  work  done  in  connexion  with 
movement  remains  to  be  considered,  especially  in  relation  to 
cellular  members.  In  the  movement  of  such  a  member,  the  work 
is  done  by  those  cells  whose  protoplasm  is  in  a  state  of  expansion, 
not  by  those  wliose  protoplasm  is  in  a  state  of  "contraction.  This 
lis  a  point  of  spe(;ial  physiological  interest ;  for,  on  analogy  with 
lanimals,  the  contrary  might  be  assumed  to  be  the  case.  For 
Jinstance,  the  great  force  which  can  be  exerted  by  a  root  (see  p. 
763)  is  the  outcome  of  the  turgidity  of  its  cells,  that  is,  of  the 
expanded  condition  of  their  protoplasm.  Similarly,  in  the  induced 
movement  of  the  leaf  of  a  Sensitive  Plant,  the  work  is  done,  not 
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by  the  flaccid,  but  by  the  still  turgid  cells  of  the  pulvinus ;  and 
the  leaf  is  eventually  raised  to  its  normal  position  by  the  gradual 
resumption  of  turgidity,  that  is,  of  the  expanded  condition  of  the 
protoplasm,  by  those  cells  of  the  pulvinus  which  had  become 
flaccid  as  the  result  of  the  assumption  of  the  contracted  state  on 
stimulation. 


CHAPTER   IV. 
SPECIAL   PHYSIOLOGY    OF    KEPEODUCTION. 

§  18.  Introductory.  It  has  been  already  stated  (see  pp.  3, 
Q>7,  670)  that  reproduction  consists  essentially  in  the  throwing 
off  by  the  individual  of  a  portion  of  its  protoplasm  which  does 
not  merely  grow  but  developes  into  a  new  organism  ;  and  that  two 
modes  of  reproduction,  vegetative  multiplication  and  spore-reproduc- 
tion may  be  conveniently  distinguished,  though  they  are  not 
absolutely  distinct. 

Reproduction  has  been  considered  so  far  mainly  from  the 
morphological  standpoint,  and  it  now  remains  to  discuss  it  from 
the  physiological  point  of  view.  The  most  important  general 
consideration  is  that  reproduction  is  a  function  of  embryonic,  as 
distinguished  from  adult,  protoplasm.  But  it  must  not  be  over- 
looked that  all  embrvoino  protoplasm  is  not  necessai-ily  reproduc- 
tive :  and  it  is  interesting  to  trace  the  differences  in  this  respect, 
presented  by  various  kinds  of  embryonic  protoplasm.  To  begin 
with,  there  is  no  doubt  xhat  the  merismatic  cells  of  the  cambium 
are  embryonic  (see  p.  18)  ;  but  they  are  not  at  all  reproductive,  for 
they  cannot  give  rise  to  a  new  member,  still  less  to  a  new  organ- 
ism ;  they  can  only  add  to  the  bulk  of  the  body  of  which  they  form 
part,  by  the  development  of  new  tissue.v.^A.gain,  the  protoplasm 
of  a  growing-point  is  embryonic,  but  it  is  only  imperfectly  repro- 
ductive ;  it  possesses  this  property  to  the  extent  that  it  not  only 
contributes  to  the  increase  of  the  member  to  which  it  beloJigs, 
but  also  developes  new  members.  Finally,  the  protoplasm  of  a 
reproductive  cell,  such  as  a  spore,  is  embryonic  and  is  completely 
reproductive;  for  it  does  not  in  any  degree  contribute  to  the  bulk 
of  the  parent-organism,  but  gives  rise  to  a  new  individual. 

Whilst  the  embryonic  character  of  cytoplasm  is  probably 
dependent  upon  the  presence  of  a  large  proportion  of  kinoplasm 
(see   p.   95),   there  is  at  present  no  means  of  distinguishing  by 
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inspection    between    merely  histogenic    and    truly   reproductive 
cytoplasm. 

§  19.  Vegetative  Multiplication.  This  mode  of  reproduc- 
tion is  distinguished  as  vegetative,  because  it  is  carried  on  by  the 
vegetative  organs  of  the  plant,  and,  in  the  simpler  cases,  it  is  not 
distinguishable  from  the  ordinary  processes  of  growth;  though, 
in  its  higher  forms  it  approximates  to  reproduction  by  spores. 
The  simpler  cases  refered  to  are  those  of  unicellular  organisms : 
these,  when  they  have  reached  by  growth  their  characteristic 
limit  of  size,  undergo  cell-division,  with  the  result  that  each  new 
cell  constitutes  a  new  individual :  here,  multiplication  is  effected 
by  a  purely  vegetative  process,  which,  in  a  multicellular  plant, 
would  merely  result  in  an  increase  in  the  number  of  the  cells  of 
which  the  individual  consists.  Much  the  same  thing  occurs  in 
higher  plants  when  (as  in  many  Bryophyta,  and  in  rhizomatous 
Pteridophyta  and'  Phanerogamia)  the  main  shoots  die  away,  and 
the  isolated  lateral  branches  constitute  new  independent  in- 
dividuals. Something  of  a  similar  kind  also  takes  place  in  the  arti- 
ficial multiplication  of  plants  by  means  of  cuttings  :  in  many  plants, 
but  by  no  means  all,  if  a  shoot  be  cut  off  and  be  kept  under 
favourable  circumstances  Avith  its  cut  end  in  suitable  soil,  the 
cutting  will  complete  its  segmentation  by  the  development  of 
roots,  and  will  then  be  a  new  individual.  Not  uncommonly, 
certain  parts  of  the  body  may  become  more  or  less  specially 
modified  to  effect  vegetative  propagation:  for  instance  buds 
become  developed  into  bulbs  or  into  bulbils  (see  p.  68),  or  portions 
of  the  stem  or  the  root  become  tuberous.  But  the  specialisation 
which  may  be  regarded  as  the  highest  of  all,  because  it  approaches 
most  nearly  to  spore-reproduction,  and  involves  the  entire  develop- 
ment of  all  the  the  new  members,  is  that_of_gernmae  in  which  the 
vegetative  reproductive  body  is  not  merely  a  modified  member  of 
the  parent,  but  is  a  special  dev^elopment  consisting  in  some  cases 
of  only  a  single  cell  {e.g.  gemmas  of  some  Algae  and  Liverworts, 
p.  Q7 ;  oidium-cells  of  Fungi,  p.  274).  Something  of  the  same 
kind  occurs  amongst  the  higher  plants,  such  as  some  Ferns, 
Bryophyllum,  etc.,  where  an  entirely  new  structure,  a  bad,  is 
developed  on  the  leaf,  and  produces  stem,  leaves  and  roots;  it  is 
in  this  way  that  Begonias  are  artificially  propagated. 

An  interesting  artificial  mode  of  vegetative  propagation  is  that  known  as  graft- 
ing or  budding,  in  which  a  young  shoot  or  a  bud,  termed  the  scion,  of  one  plant 
is  inserted  into  the  stem  of  another,  though  allied  plant,  the  stock.     Generally 
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speaking,  though  the  scion  and  the  stock  grow  together  so  as  to  form  one  plant, 
they  do  not  affect  each  other,  the  scion  retaining  its  own  pecuHar  characters 
{e.g.  grafting  of  fruit-trees,  budding  of  roses).  But  it  is  affirmed  that  in  some 
cases  the  scion  and  stock  do  mutually  effect  each  other,  giving  rise  to  shoots 
which  present  a  mixture  of  their  respective  characters  :  such  are  termed  graft- 
hybrids. 

An  important  fact  connected  with  vegetative  reprodaction  is 
that  it  is  associated  with  a  rejuvenescence  of  the  protoplasm.  For 
example,  when  an  adult  cell  of  a  unicellular  plant,  such  as  Pleuro- 
coccus  (Fig.  166,  p.  236)  divides,  it  gives  rise,  not  to  adult  cells, 
but  to  young  ones :  and  a  cutting  produces  a  young  plant,  not  an 
old  one. 

The  relation  of  vegetative  reproduction  to  the  alternation  of 
generations  is  of  importance.  In  the  lower  plants  (e.g.  Thallo- 
phyta  and  Bryophyta)  where  the  gametophyte  is  the  conspicuous 
generation,  it  is  this  generation  which  multiplies  itself  vegeta- 
tively,  although  vegetative  reproduction  of  a  somewhat  different 
kind  has  been  artificially  induced  in  the  sporophyte  of  some  Mosses 
(p.  362)  ;  but  in  the  Phanerogamia  it  is  exclusively  the  sporophyte 
which  thus  multiplies  itself.  In  the  Pt^eridophyta,  whilst  vegeta- 
tive multiplication  of  the  sporophyte  is  common,  the  gametophyte 
still  retains  this  capacity  in  certain  cases  (some  Ferns,  p.  403; 
Lycopodium,  p.  425).  Vegetative  multiplication  does  not,  as  a 
rule,  affect  the  alternation  of  generations,  each  generation  pro- 
ducing its  like  :  the  exceptions  are  afforded  by  cases  of  apogamy 
and  apospory  (see  p.  87),  in  which  the  one  generation  is  developed 
vegetatively  from  the  other ;  that  is,  vegetative  propagation 
replaces  spore-formation. 

§  20.  Spore-Reproduction  (see  p.  68).  The  highest  degree 
of  reproductive  capacity  is  that  possessed  by  spores.  Though 
they  are  single  cells,  they  are  nevertheless  capable,  each  by  it- 
self, of  giving  rise  to  a  plant-body  which,  as  in  the  higher  plants, 
may  present  complete  morphological  and  histological  differentia- 
tion. 

The  transition  from  vegetative  propagation,  through  the  unicel- 
lular gemmae,  to  the  simpler  forms  of  spore-reproduction  is  so 
gradual  that  it  is  difficult  in  many  cases  to  distinguish  them. 
But  there  is  one  fact  which  may  often  serve  as  a  criterion,  and 
that  is  that,  at  least  in  the  lower  plants,  the  spores  are  much  more 
resistent  to  unfavourable  external  conditions,  such  as  drought  and 
extremes  of  temperature,  than  are  gemmse.     This  is  due  partly 
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no  doubt  to  the  firmer  cell- wall  of  spores,  bat  mainly  to  a  differ- 
ence in  the  condition  of  the  protoplasm  in  the  two  cases  :  for 
gemmae  are  especially  adapted  for  rapid  propagation  under 
.favourable  conditions.  In  fact  the  main  object  attained  by  spore- 
'  reproduction  is  the  maintenance  of  the  species  through  a  period 
of  conditions  which  would  be  fatal  to  the  life  of  the  individual 
plant. 

In  Phanerogams,  in  which  the  conditions  of  spore-formation  are  peculiar 
(see  p.  431),  the  function  of  maintaining  the  species  through  a  period  of  un- 
favourable conditions  is  transferred  to  the  seeds  which,  like  the  spores  of  lower 
plants,  have  a  great  capacity  for  endurance. 

Most  plants,  and  probably  all,  produce  spores ;  and  from  the 
physiological  point  of  view  there  are  two  modes  of  origin  of  spores 
(p.  69)  :  they  are  developed  either  asexualli/  or  sexually.  In  the 
lowest  plants  (e.g.  Cyanophyceae,  Schizomycetes,  etc.),  as  also  in 
others  which  have  become  sexually  degenerate  (Fungi,  such  as 
the  ^cidiomycetes  and  Basidiomycetes),  spores  are  only  produced 
asexually  :  whereas  in  sexual  plants  there  is  a  sexmil^  formation  of 
\  scores,  either  exclusively  (some  Algae,  such  as  the  Conjugatae,  the 
•  Fucaceae,  and  the  Charoideae),  or,  as  is  more  commonly  the  case, 
together  with  asexual  spore-formation.  In  the  higher  sexual 
plants  (Bryophyta,  Pteridophyta,  Phanerogamia)  asexual  spore- 
formation  is  entirely  restricted  to  the  sporophyte ;  whilst  in  the 
lower  plants  in  which  an  alternation  of  generation  can  be  traced 
(e.g.  most  Algae  and  Fungi)  the  gametophyte  retains  the  capacity 
of  multiplying  itself  by  the  asexual  formation  of  spores  which  are 
distinguished  as  gonidia  (see  p.  220).  The  essential  difference 
between  gonidia  and  asexual ly-produced  spores  is  emphasised  by 
the  fact  that  whereas  the  former  serve  merely  to  reproduce  the 
organism  producing  them,  that  is  the  gametophyte,  or  some  form 
of  it  when  it  is  polymorphic,  so  that  the  alternation  of  generations 
is  unaffected,  the  latter  only  give  rise  to  the  anti^thetic  form  in  the 
alternation  of  generations,  that  is,  to  the  gametophyte. 

The  retention  by  the  gametophyte  of  the  lower  plants  of  the 
capacity  for  reproduction  by  gonidia  is  of  special  interest  in  that 
it  throws  light  upon  the  course  of  evolution  of  sexual  from 
primitive  asexual  forms.  Thus,  the  lowest  Algae  are  asexual, 
reproducing  themselves  solely  by  asexually  produced  spores  often 
of  the  nature  of  zoospores.  But  in  the  course  of  evolution  (see 
p.  226)  some  of  these  zoospores  developed  into  sexual  reproductive 
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cells  (gametes),  whilst  others  remained  simply  zoospores  ;  so  that 
the  plant  becomes  a  gametophyte  still  possessing  the  capacity  of 
i-eproducing  itself  asexually  by  zoogonidia,  though  in  some  forms 
(Conjugatae,  Fucaceee,  Charoideag)  this  capacity  has  entirely 
disappeared. 

The  evolution  of  the  entirely  asexual  sporophyte  is  to  be  traced 
to  the  advantage  gained  by  the  development  of  more  than  a 
single  organism  from  the  sexually-produced  spore,  that  is,  hj  poli/- 
embryony.  Thus  in  Yaucheria  and  Chara  the  oospore  gives  rise 
directly  to  a  single  sexual  individual,  and  the  oospore  is  all  that 
represents  the  sporophyte  in  the  life-history  of  these  Algse  ;  and 
■this  applies  also  to  Fucus,  but  here  a  multiplication  of  individuals 
is  attained  by  the  development  of  eight  oospheres  in  the  oogonium. 
A  rudimentary  form  of  polyembryony  is  presented  by  the  Desmids 
where  the  zygospore  gives  rise  to  two  individuals.  It  is  more 
marked  in  such  plants  as  Sphaeroplea  and  CEdogonium,  where  the 
oospore  gives  rise  to  several  (2-8)  zoospores  from  each  of  which 
a  new  sexual  individual  is  developed  :  here  the  oospore  and  its 
zoospores  represent  the  sporophyte.     The  sporophyte  first  makes 

fitfi^y^ppearance  as  a  distinct  cellular  organism  in  Coleocheete 
(p.  250),  and  from  this  point  onwards  its  further  evolution  can 
jbe  readily  traced  through  the  sporogonium  of  the  Bryophyta  to 
the  Pteridophyta  and  Phanerogamia  where  it  is  the  predominant 
form  in  the  life-history.  The  sporophyte  is  thus  essentially  o^mo- j 
g^nic,  that  is,  it  is  developed  as  the  result  of  a  sexual  process 
(p.  69), 

Whilst  in  the  majority  of  cases  the  pporophyte  is  developed  from  a  sexually- 
produced  spore,  it  is  sometimes  developed  from  the  fertilised  female  organ  ; 
this  is  the  case  in  plants  in  which  there  are  either  no  differentiated  gametes 
{e.g.  Eremai-cus,  p.  297),  or  no  differentiated  female  gamete  {e.g.  Khodophyceae, 
p.  269) ;  but  it  is  still  the  product  of  a  sexual  process.  In  some  cases  of 
sexual  degeneration  {e.g.  apogamous  Ferns,  p.  378  ;  Ascomycetes,  p.  298)  the 
sporophyte  is  developed  vegetatively  (p.  87). 

The  sexual  formation  of  spores  is  the  result  of  the  fusion  of 
two  sexual  reproductive  cells  or  gametes,  neither  of  which  is,  as  a 
rule,  capable  by  itself  of  developing  into  a  new  individual  ; 
though,  in  some  of  the  lower  plants  in  which  sexual  differentia- 
tion is  incomplete  (e.g.  Ulothrix,  Ectocarpus;  see  p.  226)  the 
gametes  may  germinate  independently.  The  act  of  fusion  is  a 
sexual  process,  and  the  result  is  a  cell  (oospore  or  zygospore,  p. 
80)  which  proves  itself  to  be  a  spore  by  developing  into  a  new 


CHAPTKR    IV. — SPECIAL    PHYSIOLOGY    OF    REPRODUCTIOX.  771 

individual  which,  in  all  plants  presenting  alternation  of  genera- 
tions, is  the  sporophyte. 

In  some  cases  the  spore  is  formed  from  a  gamete  without  any  sexual 
process,  that  is,  parthenofjeneticallij  (p.  87)  ;  this  applies  to  the  imperfectly 
sexual  gametes  of  Uiothrix  and  Ectocarpu^  mentioned  above,  whence  it  follows 
that  there  can  be  both  male  and  female  partheuogen^sis  ;  to  the  azygospores 
of  some  Zygomycetes  (pp.  288,  290)  ;  to  the  oospores  developed  in  the  oogonia 
of  the  Saproleguiaceffi  (p.  29 i),  and  to  that  of  Chara  criiiita  (p.  254). 

It  has  been  ascertained,  in  plants  other  than  the  Thallophjta, 
that  the  nucleus  of  the  sexually-produced  spore  contains  twice  as 
many  chromosomes  (p.  119)  as  does  that  of  either  of  the  gametes  ; 
for  instance,  if  the  number  of  chromosomes  in  the  nucleus  of  the 
gamete  be  twelve,  that  in  the  nucleus  of  the  oospore  will  be 
twenty-four ;  and  since  the  sporophyte  is  developed  from  the 
>oospore,  the  number  of  chromosomes  in  the  nucleus  of  each  of  its 
cells  is  also  twenty-four,  and  is  twice  as  great  as  that  in  the 
nucleus  of  the  cells  of  the  gametophyte.  But,  since  the  gameto- 
phyte  is  agamogenic,  being  developed  from  the  asexually-produced 
spores  of  the  sporophyte,  the  question  arises  as  to  how  this 
reduced  number  of  chromosomes  is  arrived  at.  It  is  simply  due 
to  the  fact  that  when  the  nucleus  of  a  spore-mother-cell  is  about 
to  divide,  the  fibrillar  network  breaks  up  into  only  half  the 
number  of  chromosomes  characteristic  of  the  sporophyte  (for 
instance,  twelve  instead  of  twenty-four)  ;  hence  the  spore,  when 
formed,  contains  the  reduced  number  of  chromosomes  character- 
istic of  the  gametophyte  and  is,  in  fact,  the  first  t«rm  of  that 
generation. 

These  points  have  not  yet  been  fully  investigated  in  the  Thallophyta,  in 
which  group  various  special  questions  urise.  For  instance,  as  already  pointed 
out,  in  many  of  these  plants  the  gametophyte  is  directly  developed  from  the 
sexually-produced  spore,  and  yet  there  can  be  little  doubt  that  the  nuclei  of 
the  gametophyte  each  contain  only  half  the  number  of  chromosomes  present 
in  the  nucleus  of  this  spore;  for,  were  it  otherwise,  each  sexual  act  would 
involve  the  doubling  of  the  number  of  the  chromosomes  in  the  nuclei  of  the 
succeeding  generation,  and  by  continued  repetition  of  the  process  the  number 
would  become  indefinitely  large.  It  seems  probable  that  a  reduction  in  the 
number  of  the  chromosomes  takes  place  early  in  the  germination  of  the 
sexually-produced  spore.  Thus  it  lias  been  observed  in  certain  Desmids  that 
the  nucleus  of  the  germinating  zygospore  divides  into  four,  but  the  product  is 
only  two  new  individuals  each  with  a  single  nucleus;  and  similarly,  that  the 
nucleus  of  the  zygospore  of  Spirogyra  divides  into  four,  yet  the  unicellular 
embryo  contains  but  a  single  nucleus.  Then  there  is  the  further  question  as 
to  the  number  of  chromosooies  in  the  nualei  of  the  gouidia  and  in  those  of 


772  PART    IV. — THE    PHYSIOLOGY    OF    PLANTS. 

parthenogenetically  produced   spores;    and  the  phenomena   of   apogamy  and 
apospory  in  the   higher  plants  also  require  investigation  from  this  point  of 


§  21.  Sexual  Reproduction. — The  sexual  process  consists 
typically,  though  not  e;xclusively  (see  pp.  225,  275)  in  the  fusion  of 
two  gametes,  that  is,  of  two  sexual  reproductive  cells,  and  it  is  to 
this  tj'pical  case  only  that  reference  is  here  made. 

The  process  consists  essentially  in  the  fusion  of  the  homologous 
parts  of  the  gametes.  In  the  Phanerogams,  in  vv^hich  the  process 
has  been  most  minutely  investigated,  it  is  briefly  as  follows  :-^ 
The  male  gamete,  being  smaller  and  more  active  than  the  female, 
enters  the  latter  (see  Figs.  298,  302) ;  then  the  centrospheres  of 
the  two  gametes  fuse,  and  then  their  nuclei,  male  nucleus  (or 
pronucleus)  with  female  nucleus  (or  pronucleus),  to  form  the 
nucleus  of  the  oospore,  and  with  that  the  process  is  complete. 
But  the  fusion  of  the  nuclei  is  not  accompanied  by  any  fusion  of 
their  respective  chromosomes  ;  these  remain  distinct,  so  that  there 
are  twice  as  many  of  them  as  in  the  nucleus  of  either  gamete: 
but  when  the  oospore  begins  to  germinate,  the  first  division  of  its 
nucleus  takes  place  in  such  wise  that  each  half  receives  an  equal 
number  of  chromosomes  derived  from  each  of  the  sexual  nuclei. 
No  doubt  the  process  is  essentially  the  same  in  all  other  cases. 

The  first  question  which  naturally  arises  is  as  to  the  nature  of 
sexuality  ;  the  question,  namely,  as  to  what  difference,  if  any,  can 
be  observed  between  a  gamete  and  an  asexually-produced  spore. 
To  this  question  no  answer  can  at  present  be  given ;  no  difference 
^IHLj^^_^®i.^t-4.^?i^®^<^  '^  &^-P^^^®  ^^^  a  spore;  in  all  plants  in 
which  the  matter  has  been  investigated,  in  a  Fern,  for  instance, 
it  is  now  known  that  the  number  of  chromosomes  in  the  nucleus  is 
the  same  in  the  gamete  as  in  the  spore. 

It  was  thought  that  there  was  an  essential  observable  difference  between 
a  gamete  and  a  spore,  of  this  nature,  that  the  nucleus  of  the  gamete  contained 
fewer  chromosomes  than  did  that  of  the  spore.  It  had  been  observed  in  mauy 
cases  that,  as  part  of  the  development  of  a  gamete,  a  portion  of  the  proto- 
plasm of  the  mother-cell  was  tbrowu  off  as  a  polar  body  (see  p.  82),  and  it  was 
concluded  that  this  involved  the  reduction  by  half  in  the  number  of  chromo- 
somes in  the  nucleus  of  the  gamete,  and  thus  caused  it  to  differ  materially 
from  a  spore.  But  this  view  is  no  longer  tenable  in  face  of  the  fact  that  the 
reduced  number  of  chromosomes  in  the  nucleus  is  characteristic,  not  only  of 
the  gametes,  but  also  of  the  whole  gametophyte,  and  in  fact  of  the  spore  itself 

tlso  (see  p.  771).     The  poJy,jr^ bodies  can  now  only  be  regarded  as  sister-cells  of 
be  gametes  and  as  equivalent  to  tbem,  though  not  functional.        —  • 
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It  must  not,  however,  be  concluded  that  because  there  is  no 
observable  difference  between  a  gamete  and  an  asexuallj-produced 
spore,  there  is  no  difference  whatever  between  them  ;  on  the 
contrary  it  is  clear  that  they  differ  widely,  since  the  former 
cannot  (except  in  the  rare  cases  of  parthenogenesis),  whilst  the 
latter  can,  devclope  into  a  new  organism. 

The  second  question  is  as  to  the  nature  of  sex :  what  is  the 
difference,  if  any,  between  a  male  and  a  female  gamete  ?  In 
some  cases  there  is  a  marked  external  difference  ;  for  instance,  in 
the  Pceridophyta,  Bryophyta,  and  many  Algae,  the  female  gamete 
is  a  large  motionless  oosphere,  whilst  the  male  gamete  is  a  small 
actively-swimming  spermatozoid.  But  this  marked  difference  is 
not  essential,  it  is  merely  adaptive  ;  it  is  an  adaptation  to  a  more 
or  less  aquatic  mode  of  life  or,  at  least,  of  fertilisation.  Moreover, 
it  is  obviously  inapplicable  in  explanation  of  the  many  cases  in 
which  the  two  conjugating  gametes  are  externally  quite  similar 
(isogamous  plants,  see  p.  80),  Nor  has  minute  microscopic  in- 
vestigation brought  to  light  any  distinguishing  criterion.  But  it 
must  not  be  concluded  on  this  account  that  there  is  no  difference 
between  a  male  and  a  female  gamete;  it  is  obvious  that  there  is 
an  essential  physiological  difference  between  them.  For,  were  it 
otherwise,  it  would  be  impossible  to  account  for  such  a  fact,  for 
instance,  as  that  even  where,  as  in  many  Algae,  the  gametes  are 
all  extruded  into  the  water,  fusion  never  takes  place  between  two 
male  or  two  female  gametes,  but  only  between  a  male  and  a 
female. 

Brief  allusion  may  be  made  to  the  means  by  which  the  sexual 
process  is  ensured.  It  might  be  thought  that  the  mojt  effectual 
means  would  be  the  development  of  the  male  and  female  organs 
in  close  propinquity  on  the  same  individual.  No  doubt  this  is 
the  case,  but  the  result  is  to  ensure  the  less  advantageous  mode 
of  the  process,  the  mode  of  self-fertilisation  ;  in  fact,  in  many 
cases  in  which  the  male  and  female  organs  are  thus  developed  close 
'together  as  in  monoecious  plants  (p  86),  self-fertilisation  is  pre- 
vented by  dichogamy  (for  instance,  the  prothallia  of  Ferns,  p. 
399).  The  real  problem  is,  then,  to  ensure  a  sexual  process 
between  two  gametes  derived  from  distinct  individuals.  The  end 
is  attained  either  directly,  by  bringing  the  diverse  gametes 
together;  or  indirectly,  by  bringing  the  spores  together,  and 
consequently  also  the  gametophytes. 

The  method  of  bringing  the  two  gametes  together  is  essenti- 
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ally  connected  with  the  aquatic  mode  of  fertilisation.  It  has 
been  observed  and  investigated  in  plants  in  which,  whilst  the 
oosphere  is  motionless  and  remains  in  the  female  organ,  the 
spermatozoids  are  free-swimming ;  and  it  is  among  the  most 
striking  phenomena  of  chemiotaxis  (see  p.  755).  Iq  various 
(Mosses  and  Ferns  it  has  been  ascertained  that,  on  the  opening  of 
Hhe  archegonium,  the  mucilage  which  is  extruded  includes  soine 
substance  which  diffuses  into  the  water  and  attracts  to  the 
archegonium  any  spermatozoid  that  may  be  present;  in  Mosses 
the  substance  in  question  is  cane-sugar ;  in  the  Ferns,  a  salt  of 
malic  acid. 

The  method  of  bringing  the  spores  together,  so  that  they  may 
germinate  near  each  other,  is  especially  characteristic  of  hetero- 
sporous  plants,  and  more  particularly  of  those  which  grow  erect  on 
dry  land.  It  is  thus  most  strikingly  exhibited  by  the  Phanero- 
gams, where  the  microspores  are  carried  by  the  wind  or  by  insects 
into  such  a  position  that  they  germinate  in  proximity  to  the 
macrospores  (see  p.  452).  But  it  is  not  confined  to  land-plants, 
for  it  occurs,  as  the  result  of  a  remarkable  adaptation,  in  Azolla 
(see  p.  411).  Nor  is  it  exclusively  restricted  to  heterosporous 
plants,  for  cross-fertilisation  in  the  Ferns  and  Mosses  is  largely 
dependent  upon  the  propinquity  of  a  number  of  gametophytes 
developed  from  spores  shed  without  being  scattered. 

Sexual  Ajjinity.  This  term  is  used  to  express  the  fact  that  a 
certain  relationship  must  exist  between  any  two  gametes  of  oppo- 
site sex  in  order  that  a  sexual  process  may  take  place  between 
them  ;  when  the  limit  is  overstepped  in  the  direction  of  either  a 
too  close  or  a  too  remote  I'elationship,  the  process  will  either  not 
take  place  at  all,  or  the  offspring  will  be  few  and  feeble. 
I  The  most  fertile  sexual  process  is  that  taking  place  between  the 
[gametes  of  different  individuals  of  the  same  species.  It  has  been 
'proved  that  the  offspring  of  such  cross-fertilisation  have  the 
advantage  in  vigour  and  fertility  over  the  progeny  of  one  of  the 
same  plants  when  self-fertilised.  It  has,  in  fact,  been  proved 
that  in  many  Phanerogams  the  pollen  of  a  flower  is  incapable 
of  fertilising  the  oospheres  of  its  own  ovules  ;  and  that  the  pollen 
from  another  flower  of  the  same  plant  is  only  slightly,  if  at  all, 
more  potent. 

A  sexual  process  may  also  take  place  between  the  gametes  of 
varieties  of  the  same  species ;  of  distinct  species  of  the  same 
genus;  and  even  of  species  belonging  to  different   genera.     Such 
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a  process  is  known  as  hyhrldisation,  and  the  progeny  as  lnjhrids, 
the  hybrid  being  distinguished  as  a  variety-hybrid,  species-hybrid, 
or  genus-hybrid,  according  to  circumstances  (see  p.  457). 

Hybridisation  hfts  been  but  imperfectly  investigated  in  tbe  Thallophyta,  but 
it  is  known  to  take  place  between  Fucus  serratm  S  »*nd  F.  vesiculosu*  ?  :  in 
the  Mosses  some  species-bybrids  are  known,  and  a  few  genus-hybrids  (between 
the  allied  genera  Physcomitrium  and  Fnuaria ;  F.  hytirometrica  $  x  F. 
pyriforme  $  )  :  in  the  Ferns  variety-hybrids  are  common,  and  several  species- 
hybrids  are  known  :  in  Phanerogams  variety- hybrids  and  species-hybrids  are 
common,  and  several  genus-hybrids  are  known  [e.g.  between  Verbascum  and 
Celsia ;  Brassica  and  Eaphanus ;  Galium  and  Aspeiula ;  Campanula  and 
Phyteuma;  Gymnadenia  and  Nigritella;  Epiphyllum,  Cereus.andPhyllocactus). 
Species-hybrids  are  usually  designated  by  a  combination  of  the  specific  names 
of  their  parents  ;  as,  for  instance,  Dujitalis  purpureo-bitea,  the  hybrid  resulting 
from  the  fertilisation  of  D.  lutea  with  pollen  of  D.  purpurea.  When  it  is  desired 
to  state  accurately  which  is  the  male  and  which  tbe  female,  such  an  expression 
as  Verbascum  Lychnitii  $    x  phoeniceam  J  is  used. 

Hybridisation  is  by  no  means  equally  common  in  all  families  ; 
thus,  amortg"  Phanerogams,  whilst  it  is  common  in  such  orders  as 
the  CompositoD,  Scrophulariacese,  Polygonaceae,  Salicaceae,  and  Or- 
chidaceae,  it  is  comparatively  rare  in  the  Cruciferae  and  Labiatsp, 
and  quite  exceptional  in  the  Umbelliferee  and  Leguminosee.  And 
within  the  limits  of  any  one  natural  order  the  capacity  for  hybridi- 
sation is  not  the  same  in  all  genera ;  thus,  in  the  Geraniaceae,  the 
genus  Pelargonium  possesses  it  in  a  high  degree,  whilst  Geranium 
and  Erodium  do  not ;  in  the  Caryophyllacese,  Dianthus  readily 
hybridises,  but  Silene  does  not ;  and  in  the  Iridacece  the  same 
conti*ast  exists  between  Gladiolus  and  Crocus  ;  and  the  same 
applies  to  the  various  species  of  any  given  genus.  Nor  are  all 
hybridisations  equally  fertile  as  estimated,  in  Phanerogams,  by 
the    number   of  sound    seeds    produced,    and  by  the   vigour  and 

1  fertility  of  the  resulting  hybrid-plants  ;  the  general  rule  being 
that  the  more  remote  the  two  species  hybridised,  the  more  delicate 
and  the  less  fertile  will  be  the  offspring,  and  in  fact  many  hybrids 
are  altogether  sterile  ;  in  any  case  they  are  more  fertile  with 
pollen  from  one  of  the  parent-forms  than  with  that  of  other 
similar  hybrids.  It  is  only  when  the  relation  between  the  parents 
is  such  as  to  ensure  the  appropriate  degree  of  sexual  affinity  that 
the  product  of  the  union  is  a  vigorous  and  fertile  progeny. 

It  is  the  rule  that  hybridisation  is  reciprocal ;  that  is,  that  if  the 
oospheres  of  a  species  A  can  bo  duly  fertilised  by  the  male 
gametes  of  a  species  B,  the  oospheres  of  the  species  B  are  equally 
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susceptible  of  ferfcilisation  by  the  male  gametes  of  the  species  A. 
But  this  is  by  no  means  always  the  case.  Thus  Mirahilis  Jolapa 
can  be  fertilised  by  the  pollen  of  M.  longiflora^  but  the  converse 
crossing  has  not  yet  been  effected  ;  similarly  the  cross  Nymph asa 
coerulea  '^  x  N.  capensis  (^  has  taken  place,  but  not  the  cross  N. 
capensis  ?  x  iV.  coerulea  (^  ;  and  the  cvosa  Facus  vesiculosus  '^  x  F. 
serratus  ^,  but  not  F.  serraius  $  x  F.  vesiculosus  ^.  It  also 
happens  that  even  when  hybridisation  is  reciprocal,  the  one  union 
{A  ?  X  B  ^)  is  more  fertile  than  the  other  (-B  $  x  A  ^)  ;  thus 
the  cross  Dianthus  harbatus  $  x  D.  superbus  (^  is  more  fertile 
than  the  cross  D.  superbus  ?  x  D  barbatus  ^  ;  and  again  Digitalis 
lutea   $    X   D.  ambigua  ^  than  D.  ambigua   $    x  D.  lutea  ^ . 

These  cases  of  non-reciprocal,  or  of  imperfectly  reciprocal  hybridisation,  seem 
to  be  at  variance  with  the  statement  that  fertile  hybridisation  is  dependent  upon 
sexual  affinity  ;  for  if  this  be  true,  why  is  it  that  the  cross  A  '^  x  B  $  should 
\  succeed,  but  not  the  cross  B  ^  x  A  $  ,  the  sexual  affinity  being  necessarily  the 
jsame  in  both  cases?  The  failure  of  the  cross  in  these  cases  is  partially  due  to 
purely  m^hanical  reasons;  for  instance,  whilst  il/im&/7«.5  Jalapa  is  fertilised 
by  the  pollen  of  J/,  longijlora,  M.  longijiora  cannot  be  fertilised  by  the  pollen  of 
M.  Jalapa,  probably  because  the  pollen-tubes  of  the  latter  are  unable  to  grow 
long  enough  to  reacb  from  the  stigma  to  the  ovule  of  the  former  species.  All 
Ihese  cases  require  further  investigation. 

Fffecfs  of  the  Sexual  Process.  The  sexual  process  is  not  always 
limited  in  its  effect  to  the  production  of  a  spore  which  will  give  rise 
to  a  new  individual.  For  instance,  when  the  female  cell  is  borne 
by  the  parent  at  the  time  of  fertilisation,  the  act  of  fertilisation  in- 
duces a  more  or  less  marked  growth  and  change  in  the  adjacent 
organs  and  tissues  of  the  parent,  leading  to  the  formation  of  a 
fruit  (see  pp.  88,  528).  But  further  than  this,  it  has  been  occasion- 
ally observed  in  Phanerogams  that  the  constitution  of  the  mother- 
plant  is  somewhat  modified  in  consequence  of  pollination  by  an- 
other form.  For  instance,  in  the  Maize,  whilst  the  grains  in  the 
fruit-spike  of  the  mother- plant  usually  have  the  colouration  peculiar 
to  the  mother,  from  whatever  source  the  pollen  may  have  been 
derived,  it  sometimes  happens  that  when  a  plant  whose  grains  are 
normally  yellow  or  white  is  pollinated  from  another  variety  whose 
grains  are  brown  or  blue,  the  resulting  grains  are  brown  or  blue. 
It  is  well  known  that,  in  Orchids,  the  pollination  of  the  stigma 
acts  as  a  stimulus  to  the  development  of  the  ovary  and  ovules  : 
and  in  some  cases  it  appears  that  even  fertile  seeds  may  be  pro- 
duced simply  by  the   influence  of  pollination,  the   mother-plant 
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•  being  stimnlated  to  produce  seeds  without  any  sexual  process,  that 
is,  parthenogenetically  {pseud agamy). 

Somewhat  analogous  to  these  phenomena  are  those  presented  by  the  so- 
called  graft-hyhrlds  (see  p.  768),  in  which  scion  and  stock  seem  to  mutually 
afifect  each  other.  For  instance,  the  Bizzaria-Orange  is  a  tree  which  bears 
branches  and  fruits  characteristic  of  Citrus  Auraiitium  and  C.  medico,  and  of  an 
intermediate  form,  and  is  stated  to  be  a  graft  hybrid  of  these  two  species; 
similarly  Cytisns  Adami  is  a  plant  possessing  characters  intermediate  between 
those  of  Cytisus  Lalmrnuin  and  C.  purpureas,  and  is  stated  to  be  a  graft-hybrid 
of  C.  purpureus  on  C.  Laburnum  ;  but  since  the  evidence  that  these  plants 
really  are  graft-hybrids  is  inconclusive,  it  is  unnecessary  to  consider  them 
further. 

§  22.  Heredity  and  Variation.  The  term  heredity  is  used 
to  express  the  fact  that  an  organism  inherits  in  some  degree  the 
characters  of  its  parent  or  parents.  The  degree  of  heredity — that 
is  the  degree  of  resemblance  between  ofPspringand  parents — varies 
widely,  inasmuch  as  not  all  the  characteristics  of  the  parent  are 
hereditary  in  all  modes  of  reproduction.     The  highest  degree  of 

[resemblance  is  attained  by  means  of  vegetative  propagation  :  by 
this  means  the  [)eculiar  features  of  the  individual  may  be  exactly 
reproduced  in  the  offspring,  and  consequently  it  is  extensively 
made  use  of  in  horticulture  (e.g.  propagation  by  cuttings  and 
bulbs  ;  budding  of  Roses  ;  grafting  of  fruit-trees,  and  of  ornamental 
trees  and  shrubs  with  variegated  or  otherwise  abnormal  foliage, 
etc.)  to  perpetuate  some  specially  valuable  peculiarity  of  a  plant, 
and  to  multiply  the  number  of  individuals  possessing  it.  Such  a 
high  degree  of  resemblance  between  parents  and  offspring  cannot  be 
attained  by  means  of  sexual  reproduction,  for  many  of  the  peculiar 
characteristics  of  the   parents  are  not  transmitted  by   this  means. 

J  The  plants  resulting  from  a  sexual  process  between  two  individuals 
of  the  same  variety  or  species  present,  not  so  much  the  character- 

'  istics  of  the  parents,  as  the  characters  of  the  variety  or  species. 

I  The  phenomena  of  heredity  in  connexion  with  sexual  reproduc- 
tion are  especially  striking  in  the  case  of  hybrids,  though  the 
result  of  the  crossing  of  species  or  varieties,  as  shown  by  the 
characters  of  the  progeny,  is  by  no  means  always  the  same. 
Whilst  it  is  true,  as  a  rule,  that  hybrids  are  intermediate  in 
character  between  the  species  or  varieties  to  which  their  parents 
respectively  belong,  this  is  by  no  means  always  the  case ;  for  some 
hybrids  resemble  the  one  parent  more  than  the  other,  either  in 
external  form  and  colour,  or  in  properties  such  as  resistance   to 
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cold,  time  of  flowering  and  fruiting,  etc.  :  in  fac^,  when,  for 
instance,  a  number  of  seeds  are  produced  by  hybridisation,  none  of 
the  resulting  seedlings  may  be  intermediate  in  character  between 
the  two  parents,  but  some  may  quite  resemble  the  one  parent,  and 
the  remainder  the  other.  When  the  hybrids  are  intermediate  in 
character,  the  blending  of  the  parental  features  may  manifest 
itself  in  different  degrees  ;  it  may  be  slight,  as  for  instance  when 
a  hybrid  of  parents  with  differently  coloured  flowers,  bears  flowers 
of  the  two  distinct  colours  :  or  more  intimate,  as  when  in  such  a 
case  the  hybrid  bears  flowers  with  blotches  or  stripes  of  the  two 
colours  ;  or  complete,  as  when  in  the  same  case  the  flowers  of  the 
hybrid  are  of  a  tint  intermediate  between  the  colours  of  the 
parental  flowers.  The  same  peculiarities  are  presented,  of  course, 
by  other  structures ;  for  instance,  as  regards  the  colour,  size, 
flav^our  of  fruits,  the  size  and  shape  of  leaves,  etc. 

One  of  the  most  remarkable  aspects  of  heredity  in  plants  is   its 
relation  to  the  alternation  of  generations.     When  the  life-history 
of  a  plant  presents  a  regular  alternation  of  sporophyte  and  gameto- 
phyte,  it   is  the   alternate,  and   not   the    successive,    generations 
hich    resemble  each   other;  sporophyte  resembling  sporophyte, 
gametophyte  resembling  gametophyte.     The  hereditary  character- 
iistics   of  the  sporophyte,  for  instance,  are  not  presented  by  the 
I  gametophyte,  which,  though  it   springs  from  it,  is  commonly  an 
; altogether  dissimilar  organism,  but  are  transmitted  through  the 
jgametophyte  to   the  succeeding  gamogenic  sporophyte.     This  is 
I  not  only  obviously  the  case  in  plants,  such  as  Ferns,  in  which  the 
/alternate  generations  are   distinct    organisms;  but  it  is  equally 
•  true  of  the  plants,  such  as  Bryophytes  and  Phanerogams,  in  which 
I  the  alternate  generations  remain  more  or  less  intimately  connected. 
Variation  is  the  term  used  to  express  the  fact  that  an  organism 
may  differ  more  or  less  widely  from  its  parent  or  parents,  present- 
ing often  some  altogether  new  characters. 

It  is  in  connexion  with  sexual  reproduction  that  vaiiation  is 
most  frequently  manifested.  It  may,  in  fact,  be  generally  stated 
Ithat  variation  is  more  frequent  and  more  marked,  the  more  re- 
/mote  (within  the  limits  of  sexual  aftinity)  the  relationship  between 
the  two  parents  :  thus  variation  is  most  common  in  the  offspring 
of  individuals  of  different  species  ;  frequent  in  the  offspring  of 
two  individuals  of  different  varieties  of  the  same  species;  least 
common  in  the  offspring  of  two  individuals  of  the  same  species  or 
variety. 


*  w 
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It  would  seem  natural  to  carry  this  rule  further,  applying  it  to 
the  case  of  asexual  reproduction  so  as  to  lead  up  to  the  conclusion 
that  variation  does  not  occur  at  all  in  plants  produced  asexually  ; 
(that  variation  is,  in  fact,  necessarily  associated  with  the  sexual 
Iprocess ;  a  conclusion  which  has  met  with  a  certain  measure  of 
'acceptance.  But  it  is  a  question  whether  this  conclusion  can  be 
fairly  drawn  when  all  the  facts  of  reproduction  in  plants  are  duly 
taken  into  account.  Considering,  first,  the  fact  of  asexual  repro- 
duction by  means  of  gonidia,  which  is  so  common  among  the 
Thallophytes,  and  which  in  some  Fungi  (e.g.  Basidioraycetes  and 
many  others),  is  the  only  known  mode  of  reproduction,  it  is  in- 
conceivable, in  the  face  of  the  vast  number  of  families,  genera,  and 
species  of  the  plants  under  consideration,  that  variation  has  not 
taken  place  among  them,  although  they  present  no  indications  of 
sexuality.  Then  there  are  the  facts  of  hud-variation  to  be  con- 
sidered. Bud- variation  is  the  term  used  to  express  the  fact  that 
shoots,  whether  reproductive  or  vegetative,  are  sometimes  de- 
veloped, which  differ  in  some  striking  manner  from  the  other 
normal  shoots  of  the  plant ;  these  varying  shoots  are  known  as 
\"  sports  "  :  for  instance,  many  varieties  of  Rose  are  known  to  have 
"arisen  in  this  way,  such  as  the  Moss-rose  from  the  Provence  rose 
iRosa  centifolia).  The  varieties  arising  in  this  way  can,  as  a  rule, 
only  be  propagated  vegetatively,  by  cuttings,  grafts,  etc.,  but  oc- 
casionally they  come  true  from  seed.  Here  again  variation  seems 
to  occur  intlependently  of  sexual  reproduction. 

With  regard  to  the  causes  of  variation,  it  would  appear  that  the 
capacity  for  variation,  or  variability,  is  increased  (a)  by  sexual 
reproduction,  and  (6)  by  external  conditions,  more  particularly 
high  nutrition,  as  is  shown  by  the  fact  that  bud-variation,  for 
instance,  is  rare  in  wild  plants  but  comparatively  common  in 
cultivated  plants.  The  character  of  the  variation  has  also  to  be 
considered.  There  is  no  doubt  that  variation  is  often  the  mani- 
festation, not  of  a  new  character,  but  of  an  old  ancestral  character 
which  had  become  dormant  :  this  is  especially  true  of  the  varia- 
tions of  sexually-produced  plants,  but  it  is  also  true  in  many  cases 
of  bud- variation  :  this  kind  of  variation  is  termed  reversion.  But 
there  seem  to  be  many  cases  of  variation,  and  more  particularly 
of  bud- variation,  which  cannot  be  attributed  to  reversion,  and  in 
which  the  direction  of  variation  does  not  appear  to  be  traceable  to 
any  deteimining  external  causes :  such  variations  seem  to  be 
altogether  fortuitous. 
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The  Origin  of  Species.  From  the  foregoin^^  statements  relating 
to  heredity  and  variation,  it  is  possible  to  draw  conclusions  not 
only  as  to  the  maintenance  of  existing  species,  but  also  as  to  the 
evolution  of  new  species. 

It  is  clear  that  new  forms  may  arise  in  either  of  two  ways : — 
^  either,  first,  as  the  result  of  the  crossing  of  distinct  varieties  or 
species ;  many  recognized  species  and  varieties  are  probably  of 
hybrid  origin^  oi*,  second,  as  tlie  result  of  variation.  The  forms 
thus  produced  will  exist,  for  a  time  at  any  rate,  provided  that 
they  are  capable  of  reproducing  themselves,  either  vegetatively 
{e.g.  by  tubers,  bulbs,  etc.),  or  sexually  (by  seeds,  etc.)  But  their 
persistence  for  any  long  period  depends  upon  their  success  in  the 
struggle  for  existence.  They  have  to  compete  for  their  life  with 
their  parents  and  with  any  other  closely  similar  new  forms  which 
may  have  also  been  developed :  if  they  are  successful,  they  will 
persist,  and  their  competitors  will,  some  or  all  of  them,  die  out. 
The  degree  of  their  success  depends  essentially  upon  the  degree 
of  their  adaptation  to  the  circumstances  amidst  which  they  have 
to  live.  If  they  excel  any  of  their  competitors  in  the  combination 
of  qualities  (such  as  hardiness,  time  of  flowering  or  fruiting,  fer- 
tility, etc.)  which  adapt  them  to  the  prevailing  conditions  of  life, 
they  will  persist  and  the  others  will  disappear.  This  condition 
of  struggle  constitutes  Natural  Selection,  for  the  survivors  of  the 
struggle  are,  as  it  were,  selected  by  the  fact  of  their  survival. 

At  first  all  new  forms,  however  produced,  appear  as  what  may 
be  termed  varieties  of  their  parent  species  :  but,  if  they  possess 
the  requisite  reproductive  capacity,  and  if  they  are  successful  in 
the  struggle  for  existence,  they  eventually  become  isolated  by  the 
disappearance  of  many  of  the  allied  forms,  including  perhaps  the 
parent  forms,  and  remain  as  distinct  species.  Thus  in  some  genera 
of  flowering  plants,  the  recognised  species  are  few  and  distinct ; 
whilst  in  many  genera  {e.g.  Rubus,  Hieracium)  the  greatest  diffi- 
culty is  experienced  in  distinguishing  the  species  and  varieties, 
because  the  process  of  isolation  by  natural  selection  has  not  yet 
been  sufficiently  operative. 

§  23.  The  Theory  of  Reproduction.  The  theory  of  re- 
production is  extremely  simple  in  connexion  with  the  more 
primitive  modes  of  vegetative  propagation.  When,  for  instance, 
a  unicellular  organism  divides  into  two,  it  is  easy  to  understand 
that  the  two  new  organisms  will  resemble  each  other  and  the 
parent  from  which   they  have  sprung,  because  the  parental  cell 
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divided  into  two  exactly  similar  parts.  Again,  when  a  plant  is 
propagated  bj  a  bulb  or  a  cutting,  it  is  still  easy  to  understand 
that  the  resulting  plant  will  resemble,  as  it  usually  does  in  detail, 
the  plant  which  produced  the  bulb  or  from  which  the  cutting  was 
taken.  But  when  a  plant,  a  Mushroom  for  example,  is  developed 
from  a  single  minute  reproductive  cell,  representing  but  an  in- 
finitesimal proportion  of  the  protoplasm  of  the  parent  plant,  it  is 
not  easy  to  understand  how  the  parental  characters  can  be  trans- 
mitted to  the  offspring  by  such  apparently  inadequate  means. 
The  bulk  of  the  structure  by  which  reproduction  is  effected,  would 
seem  to  be  an  expression  of  the  fact  that  the  bulkier  reproductive 
structure  (bulb,  tuber,  etc.)  is  but  a  vegetative  structure  imper- 
'fec.tly.  differentiated  for  the  purpose  of  reproduction,  but  which, 
•at  the  same  time,  ensures  a  close  individual  resemblance  between 
parent  and  offspring:  whilst  a  single  minute  reproductive  cell, 
on  the  other  hand,  such  as  the  gonidium  of  a  Mushroom,  though  a 
less  efficient  instrument  of  heredity,  is  much  more  highly  specialised 
ifor  the  work  of  reproduction. 

:  If  it  be  asked  in  what  does  this  specialisation  consist,  no  satis- 
factory reply  can  be  given  at  present ;  as  already  pointed  out  (see 
p.  766)  there  is  no  method  by  which  reproductive  capacity  can  be 
analysed  or  determined.  It  is,  however,  generally  agreed  that 
the  transmission  of  hereditary  characters  is  intimately  associated 
with  the  nucleus  of  the  reproductive  cell,  and  especially  with  the 
fibrillar  network  (see  p.  96)  of  the  nucleus.  But  the  fact  that 
this  is  so  still  remains  unexplained,  as  also  the  fact  that  repro- 
ductive cells  differ  so  widely  in  their  properties  from  vegetative 
cells,  although  many  attempts  at  an  explanation  have  been  made, 
such  as  the  theory  of  Pangenesis  and  that  of  Germ-plasm. 

Whilst  the  ultimate  facts  of  reproduction  thus  remain  unex- 
plained, the  proximate  facts  of  sexual  reproduction  can  be  ren- 
dered intelligible.  It  has  been  already  pointed  out  (p.  770)  that  a 
gamete  is  incapable  by  itself  of  giving  rise  to  a  new  individual; 
but  that  by  the  fusion  of  two  gametes  of  opposite  sexes  a  spore  is 
formed,  possessing  twice  as  many  chromosomes  in  its  nucleus  as 
did  the  gametes,  from  which  a  new  individual  may  be  developed. 
The  nuclei  of  the  new  individual  (in  view  of  the  strict  equality  in 
the  process  of  mitotic  division,  p.  118)  must  all  contain  chromosomes 
derived  from  both  the  gametes  which  had  fused  in  the  sexual 
process ;  and  if,  as  seems  probable,  the  transmission  of  hereditary 
characters  is  associated  with  the  nuclear  chromosomes,  the  char- 
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acters  of  the  individual  will  be  those  transmitted  to  it  by  the 
chromosomes  of  the  gametes.  Consequently,  if  the  gametes  w^ere 
derived  from  two  distinct  individuals,  the  characters  of  the  new 
individual  will  be  those  of  its  two  parents.  In  this  way  the  more 
obvious  phenomena  of  heredity  can  be  traced  to  a  material  basis, 
and  are  thereby  rendered  more  comprehensible. 

But  what  is  true  of  the  new  individual,  applies  likewise  to  its 
parents  :  the  characters  which  each  parent  transmits  to  the  off- 
spring are  those  which  it  has  itself  received  from  its  two  parents, 
and  so  on  :  hence  the  characters  inherited  by  any  individual  are  to 
'be  reofarded  as  belonofing-  rather  to  the  race  than  to  its  immediate 
progenitors.  This  conception  also  can  be  traced  to  a  material 
basis.  It  has  been  suggested  that  the  discoid  segments  (con- 
sisting of  linin  and  chromatin,  p.  96)  of  which  the  nuclear  chro- 
mosomes consist,  each  represent,  in  a  gamete,  substance  derived 
from  a  number  of  ancestors,  the  whole  chromosome  representing 
many  ancestors,  and  the  chi"omosomes  together  all  the  ancestors 
whose  substance  still  persists  in  the  gamete  and  will  bo  trans- 
.mitted  by  the  gametes  to  the  next  generation.  The  term  id  is 
{used  to  designate  one  of  those  material  units  which  seem  to  con- 
jstitute  the  physical  basis  of  heredity. 

(  Applying  these  considerations  to  the  elucidation  of  the  repro- 
ductive process  in  a  plant,  such  as  a  Fern,  whose  life-history  pre- 
sents antithetic  alternation  of  generations,  it  would  appear  that 
the  sudden  reduction  by  half  of  the  number  of  the  nuclear  chromo- 
somes which  attends  the  initiation  of  the  gametophyte  (see  p.  771) 
is  to  be  attributed  to  the  fusion  of  the  ids  in  pairs :  and  further, 
that  it  is  not  until  this  stage  that  a  real  fusion  of  the  nuclear 
substance  of  the  gametes  actually  takes  place. 

The  phenomena  of  heredity  as  manifested  in  the  products  of 
sexual  reproduction  may  be  accounted  for  in  connexion  with  this 
fusion  of  the  parental  ids.  When,  for  instance,  in  hybridisation,  all 
the  parental  ids  exert  their  full  influence,  the  offspring  is  precisely 
intermediate  in  character :  but  when,  from  some  cause  which 
cannot  now  be  explained,  some  of  the  ids  are  paralysed  or  neu- 
tralized, the  offspring  resembles  one  parent  more  than  the  other.* 
The  character  of  the  hybrid  too,  whether  blended  or  blotched,  may 
be  referred  to  some  such  cause. 

Turning  now  to  the  phenomena  of  variation:  this  may  be  ac- 
jcounted  for,  when  it  depends  on  reversion,  on  the  assumption  that 
some  of  the  ancestral  ids  which  have  remained  neutralized  and 
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ineffective  for  generations,  are,  as  it  were,  set  free  in  consequence 
of  some  fresh  crossing  or  of  some  important  change  in  the  con- 
ditions of  life,  so  that  the  latent  ancestral  characters  now  reveal 
ithemselves.  It  is  scarcely  possible  to  offer  any  satisfactory  ex- 
planation of  variation  due  to  other  causes,  but  there  is  one  point 
which,  in  conclusion,  demands  special  consideration ;  that  is, 
whether  or  not  variations  which  are  the  result  of  the  influence 
of  the  external  conditions,  can  be  transmitted  to  the  offspring. 
I  There  is  no  doubt  that  they  can  be  transmitted  by  means  of 
(Vegetative  propagation.  But  the  real  question  is  as  to  whether 
or  not  they  can  be  transmitted  through  the  sexual  process;  as 
to  whether  or  not  the  ids  in  the  gamete  of  an  individual  can 
transmit  not  only  the  ancestral  characters,  but  also  characters 
which  presented  themselves  apparently  for  the  first  time  in  the 
individual  itself.  The  wgight  of  opinion  is  at  present  in  favour  of 
the  view  that  such  acquired  characters  cannot  be  so  transmitted ; 
but  in  the  face  of  the  fact  that  some  variations  apparently  of  this 
nature  (e.g.  doubling  of  flowers,  variegation  of  leaves)  are  often 
transmitted  in  this  way,  it  cannot  be  conceded  that  this  view  is 
conclusively  established. 
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Antirrhinum,  644 
Antirrlioideae.  64 ». 
Auychia  513  (Fig.  328). 
Apera,  548. 
Aphauomyces,  294. 
Apiocystis.  236. 
Apium,  625,  626. 
A  planes,  293,  294. 
Apocyuacese,  526,  527, 575, 

651. 
Apodya,  294. 


Apogon,  569. 
Aponogeton,  554. 
Aponogetonese.  554. 
Apple-tree,  634. 
Apricot,  633. 
Aquifoliaceee,  574,  619. 
Aquilegia,   502,   593  (Fjg. 

398). 
Arabidese,  604. 
Aracese,  512,  518,  538,  539. 
Arachis,  637. 
Arales,  538,  539. 
Araliacese,  574,  62fi. 
Araucaria,  465,  482. 
Araucarinese,  467,  483. 
Arbor  Vitse-,  486. 
ArbutoideEe,  655. 
Arbutus,  655. 
Arceutbos,  486. 
Archangelica,  626. 
Arcbegoniata,  218. 
Archidiacese,  3B3,  366. 
Arcbidium,  330,  361,367. 
Arctium,  664. 
Arctostapbylos,  655. 
Arcyria,    284    (Fig.    198), 

285. 
Ardisia.  654. 
Areca,  544  (Fig.  352). 
Arenaria,  599. 
Aria,  635. 

Arisarum,  539,  541. 
Aristea.  569. 
AristiniE.  569. 
Arifetolochia,     ^56      (Fig. 

293),  514,  518,  588. 
Aristolochiaceffi,  520,  573, 
588. 

Armaria,  654. 

Armillaria,  312. 

Arnica,  662  (Fig.  464),  663. 

Arnoseris,  665. 

Aroideee,  541. 

Arrhenathernm,  549. 

Arrow-grass,  554. 

Arrow-head,  555. 

Arrow-root,  562,  563. 

Artemisia,  663  (Fig.  466), 
664. 

Avthrocladia,  257,  259. 

Artichoke,  664. 

Artocarpns,  577. 

Arum,  515,539  (Fig.  349). 

Arundinaria,  550. 

Asarabacca,  588. 

Asarales,  573,  588. 

Asarum,  588  (Fig.  394). 

Asclepiadaceee,   517,    575, 
651. 

Asclepias,  501,    651  (Fig. 
452). 


Ascobohis,  276,  S03. 
Ascolichenes,  320. 
Ascomycetes,     274,     280, 

294. 
Ascophyllum,  266. 
Asb.652. 

Asparagoidese,  558. 
AKparagus.  558. 
Aspen,  586. 

Asperococcus,  257,  259. 
Asperula,  658. 
Asphodeloideee,  558. 
Asphodelus,  558. 
Aspidiese,  405. 
Aspidistra,  559. 
Aspidium,  390,  391   (Fig. 

258),  405. 
Aspleniese,  405, 
Aspleuium,  389  (Fig.  257), 

390,  405. 
Aster,  663. 
Asterales,  575,  660. 
Asterocephahis,  661. 
Asteroidese,  663,  66 J. 
Astilbe,  639. 
Astoraum,  36^*. 
Astragalus,  522,  636. 
Astrantia,  625. 
Astroporse,  342. 
Athrotaxis,  485. 
Athyrium,  405. 
Atragene,  591. 
Atrichum,  362,  370. 
Atriple^c,  587. 
Atropa,  648  (Fig.  449). 
Ancnba,  626. 
Aulacouininm,  357,  370. 
Aurautieffi,  614. 
Auricularia,  315. 
Anriculariese,  312.  315. 
Anteupuccinia,  307. 
Auteu-urorayce:*,  307. 
Autobasidiomycetes,    312, 

315. 
Autumn  Crocus.  558. 
Avena,548(Fig.  356),549. 
Aveneee,  548. 
Aven^,  634. 
Averrboa,  613. 
Awl-wort,  605. 
Aytonia,  342. 
Azalea,  655. 
Azolla,  406,  410,  415. 

Bacillus,   281    (Fig.   197), 

282. 
RncteriacecB,  282. 
Bacterium,  281  (Fig.  196), 

282. 
Badharaia,  285. 
Bseomyctse,  322. 
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Balanopliora,  590. 
Balanophoraceae,  519,  573 

590. 
Ballota,  613. 
Balm,  6i3. 

BalsaminaceoB,  574,  613. 
Bamboo,  550. 
Bimboo  Palm,  513. 
Bambtisa,  515  (Fig.  353), 

550. 
Baml)Use{B,  550. 
Banana,  502. 
Baneberry,  593. 
Bangia,  268,  272. 
Baugiacese,  267,  272. 
Ban  van,  578. 
Baptisia,  686. 
Barbarea,  604. 
Barberry,  305.  595. 
Barbula,  359,  370. 
Barley,  550. 
Barosma,  614. 
Bartsia,  615. 
Basidiolicheues,  320. 
Basidioraycetes,  271,  230, 

310. 
Bastard  Toad- flax,   589. 
Batatas,  617. 
Batrachospermum,    268, 

272. 
Battarea,  319. 
Bauhinia,  637. 
Bean,  637. 
Bearberry,  655. 
Bed- straw,  658. 

Beech.  5S3. 

Bee  Orchis,  566. 

Beetroot,  587. 

Beggiatoa,  282. 

Begonia,  627. 

Begouiac(8B.  574,  ^27. 

Bel'adonna  Lily,  567. 

Hellis,  (63. 

Bent-Grass,  518. 

Berbf-ridacf  CB,    502,    520, 
573,  595. 

Berberis,   498   (Fig.  311), 
595. 

Bergenia,  039  (Fig.  439). 

Berraudiana,  5t)9. 

Bertholletia,  631. 

Beta,  587. 

Betel-Palm,  544. 

Betony,  643. 

Betula,  5-J8.  581. 

Betulaceee,  513,  573,  580. 

Bidens,  661. 

BiguoniaceiB,  575,  646. 

Bilberry,  656. 

Bindweed,  647. 

Binudearia,  217. 


Biophytum,  613. 
Hiota.  466,  48d  (Fig.  306). 
Birch,  581. 
Bird-Cherry,  633. 
Bird's-foot  Trefoil,  636. 
Bird's  nest,  *'6*\ 
Bird's-nest  Orchid,  567. 
Birthwort,  588. 
Bistort,  598. 
Bitter  or  Seville  Orange, 

615. 
Bittersweet,  649. 
Bixa,  606. 
Bixaceee,  573,  606. 
Blackberry,  634. 
Black  Bryony,  560. 
Black  Pine,  485. 
Bhu;k  Poplar,  586. 
Black  Thorn,  633. 
Bladder  Fern,  405. 
Bladder  Senna,  630. 
Blaeberry,  656. 
Blasia,  343,  347,  351. 

Blechniun,  390,  405. 

Bletia,  561. 

Bliuks,  600. 

Hlae  bell,  556. 

Blue-bottle.  664. 

Blue-eyed  Grass,  569. 

Blyttia,  34S,  351. 

Bog-Asphodel,  558. 

Bog-bean,  651. 

Bog-Myrtle,  584. 

Bog-Orchis,  567. 

Bog-Rush,  551. 

Bohmeria,  577. 

Boletus,  312,316. 

Bonapartea,  568. 

Bounemaisonia.  272. 

Bonnemaisoniaceee,  272. 

Borage,  650. 

BoraginaceoB,     490,     508, 
575,  619. 

Boraginoideee,  650. 

Borage,  650. 

Borassinae,  513. 

Borassus,  543. 

Borecole,  r)04. 

Borneo  Camphor,  609. 

Boschia,  336. 

Boswcllia,  615. 

Botrychium,     374,     381, 
382  (Fig.  255). 

BotiydieoB,  240. 

Botrydium,  239  (Fig.  171). 

Botryococeus,  236 

Bougainvillea,  588. 

Bouvardia,  659. 

Bovista,  318. 
Bowenia.  481. 
Bowiea,  558. 


Box,  623. 

Brachypodium,  519. 
Brachythecium,  371. 
Bracken,  405. 
Brasenia,  591. 
Brassica,  603  (Fig.  407). 
Brassiceffi,  604. 
Brazil  Nur,  631. 
Bread-fruit,  578. 
Bremia,  292. 
Bridelia  621. 
Briza,  519. 
Broccoli,  601. 
Brodiffia.  558. 
Brome-Grass,  549. 
BromeliaceeB,  538,  561. 
Bromus.  549. 
Brook  weed,  651. 
Broom,  636. 
Broomrape.  616. 
Broussonetia,  578. 
Browallia,  649. 
Bruchia,  368. 
Bruchiaceee,  368. 
Brugmansia,  589. 
Brnguiera,  632. 
Brussels-sprouts,  604. 
Bryacese,  370. 
Bryinete,    330,   355,   363, 

3rt7. 
Bryonia,  516,  628. 
Bryophyta.  217,  324. 
Br\  opsis,  240. 
Bryum.  359,  370. 
Buck-bean,  651. 
Buckthorn,  618. 
Buckwheat,  5ii8. 
Bulbochaste,  2  49. 
Bulgaria,  303. 
Bulgarieffi,  303. 
BuUace,  b33. 
Bulrush,  542,  551. 
Bupleurum,  625. 
Burdock.  6(54. 
Bur-reed,  542. 
Burseraceee,  574,  615. 
Butcher's  Broom,  558. 
Butomaceae,  602,  538,  555. 
Butomopsis,  555. 
Butomus,   502,   525  (Fig. 
338),  554  (Fig.   360). 
655  (Fig.  361). 
Butter-bur,  664. 
Buttercup,  592. 
Butterfly  Orchis,  566. 
Butterwort,  647. 
Buxaceffi,  574,  622. 
Buxbaumia,  370. 
BuxbaumiiicesB,  370. 
Buxus,  6J5,  623. 
Byblis,  608. 
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Cabbage,  604. 
Cabornba,  594. 
Cabombese,  594, 
Cactaceee,  574,  628. 
Cffioma  308. 
Caesalpinia,  637. 
Ccbsalpinieae,  637. 
Cakile,  605. 
CakilinesB,  605. 
Calabar  Bean,  637. 
Caladium,  541. 
Calamagrostis,  548. 
Calamintba,  642. 
Calamus,  544. 
Calanthe,  561. 
Calceolaria,  f4t. 
Calendulese,  664. 
Calendula,  664. 
CaliciesB,  322. 
Calla,  540. 
Callistemou,  631. 
Callistephns,  663. 
Callithamnion,  267,  272. 
Callitricbaceffi,  574,  623. 
Callitricbe.  623. 
Callitris,  486. 
Calloideae,  540. 
Calluna,  655. 
Calobryum,  351. 
Calocera,  313,  315. 
Calochortus,  556. 
Calosphseria,  302. 
Calostoma,  318. 
Calotbamnus,     631    (Fig. 

431). 
Caltha,  502,  593. 
Calycanthaceas,  520,  673, 

594. 
Calycanthus,  496,  594. 
Calyciflorae,  574,  623. 
Calypogeia,  345,  352. 
Calystegia,  647. 
Camassia,  556. 
Camelina,  605. 
Camelinese.  605. 
Camellia,  494,  609. 
Campanales,  575.  656. 
Campanula,  498  (Fig.  312), 

657  (Figs. 456,  457l. 
CampanulaceeB,  498,  508, 

575,  656. 
Campion,  599. 
Campylospermese  625,626. 
Canada-balsam,  484. 
Candytuft,  605. 
Canna,  506,  519,  563  (Fig. 

368). 
Caunabiuacrse,    496,    515, 

573,  578. 
Cannabis.  578. 
Cannaceee,  562. 


Canterbury-bell,  657. 
Cantbarellus,  317. 
Caoutchouc,  578,  622. 
Caper,  605. 
Capparidacese,    526,   573, 

605. 
Capparis,  605  (Fig.  408). 
Caprifoliacese,     510,    575, 

659  (Fig.  460). 
Capsella,   443   (Fig.  286), 

605. 
Capsicum,  649. 
Caragaoa.  636. 
Carallia,  632. 
Carapa,  615. 
Caraway,  626. 
Cardamine,  604. 
Cardamom,  562. 
Carduus,  664. 
Carex,  515,  551  (Fig.  358). 
Carica,  627. 
Caricoidese.  551. 
Carlina,  664. 
Carline  Thistle,  664. 
Carludovica,  542. 
Carnation,  599. 
Carob-tree,  637. 
Carpinus,    528,    582,   583 

(Fig.  387). 
Carpomitra,  257. 
Carrot,  626. 
Carthamus,  664. 
Carum,  529(Fig.341),  625 

(Figs.  426,  427j. 
Carya,  584. 
Caryocedrus,  4^6. 
Caryophyllacege,  494,  573, 

599. 
Caryopbyilales,  573,  598. 
Cassava,  622. 
Cass^ia,  637  (Fig.  436). 
Cassytha,  596. 
Castagnea.  257. 
Castanea,  583. 
Castor-oil  Plant,  622. 
Casuariua,  489,  528,  585. 
Casuarinaceee,  573,  585. 
Catalpa,  646. 
Catchfly,  599. 
Catenella,  272. 
Catmint,  643. 
Cats  Ear,  665. 
Cat's-tail  Grass,  548. 
Caucalinese,  626. 
Caucalis,  626. 
Caulacanthua,  272. 
Caulerpa,   225  (Fig.  162), 

240. 
CaulerpeBB,  240. 
Cauliflower,  604. 
Cedar,  484. 


Cedrela,  615. 
Cedrus,  463,  484. 
Celandine,  601. 
Celastracese,  526, 574,  618. 
Celastrales,  574,  618. 
Celery,  626. 
Celosia,  587. 
Celsia,  644. 
Celtis,  515,  579. 
Cembra,  485. 
Centaurea.  664. 
Centaury,  651. 
Centianthus,     660     (Fig. 

462). 
Centrolepidaceee,  552. 
Cepbaelis,  659. 
Cephalanthera,  566. 
Cepbalanthereee,  566. 
Cephalideee,  289. 
Cephalotacese,  674,  640. 
Cephalotaxus,  466,  487. 
Cephalotus,  640. 
Ceramiacese,  272. 
Ceramium,  272. 
Cerastium,  603,  599. 
Cerasus,  633. 
Ceratium.  285. 
Ceratopteris,  393. 
Ceratodon,  330  (Fig.  238), 

370. 
Ceratonia,  637. 
Ceratophyllacese,  573,  698. 
Ceratophyilum,  598. 
Ceratozamia,  471   481. 
Cercis,  511  (Fig.  327),  637. 
Cereus,  629. 
Cerinthe,  496. 
Ceropegia,  652. 
Ceroxylinoe,  544. 
Cestrese,  649. 
Cestrum,  649. 
Ceterach,  405. 
Cetraria,  322. 
Cbserophyllum,  626. 
Chastocladiese,  287,  269. 
CbBBtocladium,  289. 
Cheetomium,  276, 298, 301. 
Chsetomorpha,  241. 
ChoBtophora,  248. 
Cheetophoraceee,  243,  247. 
Ch8Btopteris,224(Fig  160j, 

257,  259. 
Chameecyparis,  486. 
Cbanieedorea,    643     (Fig. 

351). 
ChameelauciesB,  631. 
CbamsBorchis,  666. 
Cbameerops,  543. 
Chamomile,  664. 
Champia,  272. 
Chantransia,  268,  272. 
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Chara,  251  (Fig.  180),  253 

(Fig.   181),  255  (Fig. 

183). 
Characeee,  251. 
Cbaraciura,  236. 
CharesB,  255. 
Charlock,  605. 
CharoidesB,  236,  251. 
Chasmanthera,  595. 
Chaste  Tree,  643. 
Cheilanthes,  391,  405. 
Cheiranthus,  604. 
Chelidonium,601(Fig.404). 
Chelone,  644. 
Chenopodiaceee,  496,  513, 

573,  587. 
Chenopodiales,   570,  573, 

586. 
Chenopodium,    586   (Fig. 

392). 
Cherrv  Lanrel,  633. 
Chervil,  626. 
Chickweed,  599. 
Chickweed  Winter-green, 

654. 
Chicory,  665. 
Chili  Pepper,  649. 
Chiloscyphus,  343. 
Chimonantbus,  594. 
China  Aster,  663. 
Chinese  Yew,  4S7. 
Chionanthus.  652. 
Chionodoxa,  556. 
Chives,  558. 

Chlamydomonadace8B,237. 
Chlamydomonas,  237. 
Chlora,  651. 

Chloranthacese,  573,  576. 
Chlorideee,  549. 
Chlorochytrium,  236. 
Chlorococcum,  236. 
Chlorophycese,    221,   234, 

321. 
Chlorophytum,  558. 
Chlorosphsera,  236. 
Chocolate,  611. 
Chomiocarpon,  343. 
Chondriopsis,  268,  272. 
Chondrup,  272. 
Chorda,  257,  259. 
Chordaria,  257. 
ChoristocarpeeB,  257. 
C'loristocarpus,  257,  259. 
Christmas  Kose,  593. 
Chromophyton,  2o7. 
CliroococcacesB,  233,  321. 
Chroolepus,  247. 
Chrozophora,  621. 
Chrysanthemum,  664. 
ChrysobalaneeB,  635. 
Chrysodium,  390. 


Chrysomyxa,     307     (Fig. 

217). 
Chrysosplenium,  639. 
Chylocladia,  272. 
CbytridiacesB,  278,  285. 
Cibotium,  391,  405. 
Cicendia,  651. 
Cichorieae,  665. 
Cichorium,  493,  665, 
Cicuta,  625,  626. 
Cinchona,  659. 
Ciachonese,  659. 
Cinnamomum,   596    (Fig. 

400). 
Cinquefoil,  634. 
Circaea,  630. 
Cissampelos,  595. 
Cistaceee,  573,  606. 
Cistus,  606. 
Citron,  615. 
Citrullus,  628. 
Citrus,  614,  615  (Fig.  416). 
Cladochytrieas,  287. 
Cladonia,  320,  321. 
Cladophora,241(Fig.l72). 
Cladophoracese,  238,  241. 
Cladophorete,  241. 
Cladostephus,  257,259(Fig. 

185),  260  (Fig.  186). 
Cladothrichiese,  282. 
Cladothrix,  282. 
Cladrastis,  636. 
Clarkia,  507. 
Clary,  643. 
Classification  of  Algae,  221. 

of  AngiospermaB,  533. 

of  Ascomycetes,  300. 

of  Basidiomycetes,  315. 

of  Bryophyta,  332. 

of  ChlorophyceaB,  235. 

of  Coniferoe,  483. 

of  Dicotyledones,  573. 

of  Filicinae,  381. 

of  Fungi,  280. 

of  Gymnospermee,  480. 

of  Hepaticae,  336. 

of  Lichenes,  320. 

of  Monocotvledone8,538. 

of  Musci,  363. 

of  Phaeophyceaj,  257. 

of  Phanerogamia,  462. 

of  Phycomycetes,   285, 
290. 

of  Plants,  216. 

of  Pteridophyta,  378. 

of  llbodophyceae,  272. 
Clathrus,  3i9. 
Clavaria,  315  (Fig.  221). 
ClavarieaB,  312,  315. 
Claviceps,  274,   301,    302 
(Fig.  212). 


Cleistocarpae,  361,  363. 
Clematis,  502,  591. 
Cleome,  495. 
Clevea,  336. 
Climacium,  371. 
Closterium,  244  (Figs.  173, 

174). 
Clostridium,  232. 
Clover,  636. 
Club  Moss,  421. 
Club  Kush,  551. 
Clusia,  494,  496. 
Clusiaceaa,  573,  609. 
Cluster  Narcissus,  568. 
Cluster  Pine,  485. 
Cluytia,  621. 
Cnicus,  664. 
Cobaea,  648. 
Coccaceae,  282. 
Coccoloba,  598. 
Cocculus,  502.  516. 
Coccus,  281  (Fig.  196). 
Cochlearia,  605. 
Cock's  Comb,  587. 
Cock's  Foot  Grass,  549. 
Coco-nut  Palm,  544. 
Cocos,  544. 
Codieae,  240. 
Codium,  240. 
Cjdonieae,  351. 
Coelastrum,  242. 
Coelospermeae,  625,  626. 
Coenogonium,  321. 
Coffea,  659, 
Coffeeae,  659. 
Coffee  tree,  659. 
Coix,  547. 
Cola,  611. 
ColchiceaB,  558. 
Colchicoideae,  556. 
Colchicum,  557  (Fig.  363), 

558. 
Coleanthus,  547. 
ColeochaBte,  249,  250  (Fig. 

179). 
Coleochaetaceee,  243,  249. 
Coleosporium,  307. 
Coleus,  642. 
CoUabium,  564. 
Collema,    275,    298   (Fig. 

208),  321  (Fig.  228). 
CoUemaceaB.  320. 
Colignonia,  588. 
Colocasia,  541. 
ColocasioideBB.  541. 
Colpomenia,  257, 259,  262. 
Colt's  Foot,  664. 
Columbine,  593. 
Columnea,  646. 
Colutea,  636. 
Colymbea,  475,  482. 
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Colza,  605. 
Comarum,  495,  634. 
Comfrey,  650. 
Commelyna.  510  (Fig.  325), 

512,  556. 
CommelynacesB,  492,  538, 

556. 
Commelynales,  538,  555. 
Commiphora,  615. 
Common  Basil,  6i2, 
Common  Bugloss,  650. 
Compositse     (Marchantia- 

cese),  343. 
Comp'.sitge,  489,  575,  662 

(Fig.  465),   663  (Fig. 

466). 
Conferva.  247. 
Confervoidtse,     236,    243, 

321. 
Couidiophoras,  2S9. 
Coniferse,  463,  480,  481. 
Coniopliora,  316. 
Conium,  626  (Fig.  426). 
Conjugate,  243,  244. 
Conocephalus,  343. 
Conopodium,  625. 
Convallaria,  558. 
Convolvulacfc  88,  575,  647. 
Convolvulus,     5i4     (Fig. 

329),  647. 
Copper  Beech,  583. 
Coprinus.  312,  317. 
Cora,  320,  321. 
Coralliua,  272. 
CorallinacesB,  268,  272. 
Corallorhiza,  567. 
Coral  Root,  567. 
Corbularia,  568. 
Corchorus,  610. 
Cordyceps,  276,  294,  301. 
Cordyline,  558. 
Coreopsis.  664. 
Coriaudrese,  626. 
Coriandrum,626  (Fig.426). 
Cork-oak,  583. 
Cornacese,  574,  626. 
Corn  Cockle,  599. 
Cornel,  626, 
Corn  Flag,  569. 
Corn-flower,  664. 
Cornish  Heath,  655. 
Cornish  Moneywort,  645. 
Corn-salad,  661. 
Cornus,  501,  626. 
Coronilla,  637. 
Corrigiola,  600. 
Corsinia,  336,  342. 
CorsinieeB,  340,  342. 
Corticium,  316. 
Cortinarius,  317. 
Corydalis,  511,  570,  602. 


CorylacesB,  573,  581. 
Corylus,    528,   582   (Figs. 

385,  386). 
Coryphinee,  543. 
Cotinus,  618. 
Cotoneaster,  634. 
Cotton,  612. 
Cotton-Grass,  551. 
Couch-Grass,  550. 
Cowberry,  656. 
Cow  Parsley,  626. 
Cow  Parsnip,  626. 
Cowslip,  653. 
Cow-tree.  578. 
Cow  Wbeat,  645. 
Crakeberry,  623. 
Crambe,  605. 
Cranberry,  656. 
Cranes'-bill,  612. 
Crassula,  640. 
Crassulacee,  492,  574,  640. 
Crataegus,  634. 
Craterelliis,  316. 
Craterocolla,  313.  315. 
Creeping  Bugle,  643. 
Crenotbrix,  282. 
Crepis,  665. 
Cress,  605. 
Crinum,  567. 
Cristatella,  526. 
Crithmum,  625,  626. 
CrocoidesB,  568. 
Crocus,  568. 
Cronartium,  307. 
Cross-leaved  Heath,  655. 
Croton,  622. 
Crotonete,  621. 
Crowfoot,  592. 
Crown  Imperial,  556. 
Crucibulum,  318. 
Cruciferse    489,  495,  573, 

602  (Fig.  406). 
Cryptogamia,  218. 
Cryptogramme,  405. 
Cryptomeria,  466,  486. 
Cryptonemia,  272. 
CryptoneminsB,  270,  272. 
Cnbebs.  576. 
Ciickoo-pint.  541. 
Cucubalus,  599. 
Cucumber,  628. 
Cucumis,  628  (Fig.  428). 
Cucurbita,  516,  628  (Fig. 

428). 
Cucurbitaceae,    516,    574, 

627. 
Cudweed,  664. 
Cuuninghamia,  465,  485. 
Cuphea,  631. 
Cupressus,  466,  486. 
Cupressinse,  486. 


Cupressineee,  466,  486. 

Cupuliferee,  273. 

Curare,  651. 

Curcuma,  562. 

Currant,  640. 

Cu scuta,   647,    648    (Fig. 

448). 
Cut-grass,  548. 
Cutleria,  257,  261. 
Cutleriflceee,  257,  259. 
Cyanophycese,    221,    231, 

321. 
Cyathea,  390,  405. 
Cyatheacese,  379,  381,  391, 

405. 
Cyathodium,  338. 
Cyathus,    313,    318   (Fig. 

224). 
Cycadaceffi,  463,  480. 
Cycas,  465,  480,  481  (Fig. 

303). 
Cyclamen,  653. 
Cyclanthera,  627. 
Cyclanthaceae,  538,  542. 
Cydonia,  634. 
Cymodocea,  553. 
Cymodoceae,  553. 
Cyuara,  664. 
Cynarese,  664. 
Cynodon,  549. 
Cynoglossum,  650. 
Cynomorium,  590. 
Cyperacese,  512,  538,  550. 
Cyperus,  551. 
Cyphella,  316. 
Cypress,  486. 
Cypripediura  ,504, 564  (Fig. 

369),  565  (Fig.  372j. 
Cypripediinee,  566. 
Cystopteris,  391,  405. 
Cystopus,  292. 
Cystoseira,  266. 
Cytinaceffi,  573,  589. 
Cytinese,  589. 
Cytinus,  589. 
Cytisus,  636,  777. 

Daboecia,  655. 
Dacrydium,  466,  487. 
Dacryomyces,  313,  315. 
Dacryomycetes,  312,  315. 
Dacryomitra,  315. 
Dactylis,  549. 
Dffidalea,  316. 
Daffodil.  568. 
Dahlia,  664. 
Daisy,  663 
Dalbergiese,  637. 
Daltonia,  371. 
Damasonium,  555. 
Dame's  Violet,  604. 
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Dammara.  465,  493. 

Damson,  633. 

Dansea,  383. 

Dandelion,  665. 

Danewort,  659. 

Daphne,  514, 620  (Fig.423) . 

Darlingtonia,  607. 

Darnel,  549. 

Dasya,  267,  268  (Fig.  193), 

272. 
Dasycladeae,  240. 
Dasycladus,  240. 
Dasyliriou,  558. 
Date,  534  (Fig.  345). 
Date  Palm,  543. 
Datura,  509,  648,  649. 
Datureffi,  649. 
DaucintBB,  626. 
Daucus,  625,  626. 
Davallia,   389  (Fig.   257), 

390,  405. 
Davallieee,  405. 
Deadly  Nightshade,  649. 
Dead  Nettle,  643. 
Delesserirt,  272. 
Delesseriaceee,  272. 
Delphinium,  496, 513  (Fig. 

328),  593. 
Dendrobium,  567. 
Dendroceros,  352. 
Dentaria,  604. 
Derbesia,  238. 
Dert.esieee.  240. 
Desmarestia,     224     (Fig. 

160),  257. 
Desmarestieae,  257,  259. 
Desmidieee.  244. 
Desmida,  245. 
Desmodium,  637. 
Desvauxiaceee,  552. 
Deutzia,  639. 
Dewberry,  634. 
Diacalpe.  391. 
Diandrce,  566. 
Dianthus,  515  (Fig.  330), 

599. 
Diapensia,  656. 
Diapensiacese,  575,  656. 
Diarrhena,  547. 
Diatomaceee,  257,  258. 
Diatrype,  302. 
Diceutra,  508,   602    (Fig. 

405). 
Dicksonia,  390,  405. 
Dicotyledones,    462,   533, 

570. 
Dicranace®,  370. 
Dicranella,  370. 
Dicranum,  370. 
Dictamtms,  510,  614  (Fig. 

415). 


Dictyonema,  320,  321. 
Dictyopteris,  262. 
Dictyosiphon,  257. 
Dictyosiphonesp,  257,  259. 
Dictyosphseria,  242. 
Dictyosphserium,  236. 
Dictyosteliactee,  285. 
Dictyota.  262. 
DictyotacesB,  257,  262. 
Dictyuchus,  294. 
Didymium,  284  (F.g.  198). 
Diervilla,  660. 
Digitalis,  644. 
Digitaria.  547. 
Diouaea,  608. 
Dioon,  481. 
DioscoreacesB,    533,    538, 

560. 
Dioscorea,  560. 
Diosc-oreales,  538,  560. 
Diosmese,  614. 
Diospyros,  653. 
Diotis,  664. 
Dipholis,  496. 
Diplaienia,  526,  651. 
Diplocolobeee,  604. 
DiplooiitrieeB.  348,  351. 
Diplotaxis,  605. 
DipsacesB,  575,  661. 
Dipsacus,  4^j4,  661. 
Dipterix,  637. 
Dipterocarpacpse,  573, 609. 
DisciflorsB,  574,  612. 
Discolichenes,  320. 
Discomycetes,  302. 
Discosporangium,  257. 
Dissodon,  370. 
Diuris,  563. 
Dock,  598. 
Dodder,  647. 
Dog's  Mercury,  622. 
Dog's-tooth  Gras8,  549. 
Dog's-tooth  Violet,  556. 
Dog- Violet,  607. 
Doronicum,  663. 
Dothideacesa,  301. 
Doura  Palm,  543. 
Draba,  603  (Fig.  407),  605. 
Dracunculus.  541. 
Dracaena,  535,  558. 
DracaenoideBB.  558. 
Dragon's  Tree,  558. 
Draparnaldia,  247. 
Dropwort.  632. 
Drosera,  608. 
Droseraoeaa,  573,  608. 
Drosophyllum,  608. 
Dr^as,  634. 
Dryobalanops,  GOO. 
Dry  Rot,  316. 
Duck-weed.  541. 


Dudresnaya,  271,  272. 
Dumontia,  272. 
Dumontiaceae,  272. 
Dumortiera,  337,  343. 
Durra,  548. 
Duvalia,  337,  342. 
Dwarf  Rider.  659. 
DwHrf  Wheat,  550. 
Dyers  Weed,  606. 

Earth-almond,  637. 
Ebenaceae,  575.  653. 
Ebenales.  575,  653. 
Ebony,  653. 
Eccremocarpus,  646. 
Echeveria,  640. 
Echinocactus,  629. 
Echinocloa,  547. 
Echinophora,  626. 
Echinopp,  664. 
Echinopsis,  629. 
Echium,  496,  511.  650. 
Ectocarpaceae,  257,  25^^. 
Ectocarpeae,  257. 
Ectocarpus,  257,  259,  261 

(Fig.  187). 
Eglantine,  632. 
Ehretoidese,  650. 
Eichhornia.  559. 
Elachista,  257. 
Elachisteae,  257. 
Elaeagnaceae.  574,  620. 
Eiaeagnus,  620  (Fig.  424). 
Elais,  544. 
Elaphomyces,  301. 
Elaphoglossum,  405. 
Elatereae,  351. 
Elatin»ce8B,  573,  609. 
Elatine.  609. 
Elder,  659. 
Elecampane,  664. 
Eletteria.  562. 
Elm,  579. 
Elodea,  493,  560. 
Eluteria,  621. 
Elymus,  550. 
Elyna,  552. 
Emericella,  320. 
p:mpetrHce8B,  574.  623. 
Empetrum,  515,  623. 
Empleurum,  614. 
Enculypta,  370. 
Encalyptaceae,  370. 
Encephalartos,  464,  481. 
fcnchanter's    Nightshade, 

630. 
EncceliacesB,  257,  259. 
Endive,  665. 
Endocnrpon,  320,  321. 
EndophylleaB,  306. 
Eudophyllum,  307. 
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Endospheera,  236. 
Endosporese,  285. 
English  Wheat,  550. 
Enteromorpha,  248. 
Entomophthoracese,    285, 

289. 
Entyloma,  308. 
Epacridacese,  575,  655. 
Ephebe,  320,  321. 
Ephedra,  463,  471,  488. 
Ephemeraceee,  368. 
Ephemerura,  330,  354,  365 

(Fig.  249),   368   (Fig. 

250). 
Epicbloe,  301. 
Epilobium.  507,  521  (Fig. 

334),  629  (Fig.  429). 
Epimedium,  497,  595. 
Epipactis,  457  (Fig.  291), 

566. 
Epipogium,  563,  566. 
Equisetaceee,  379, 380, 416. 
Equisetinse,  217,  372,  379, 

416. 
Equisetum,  391  (Fig-  259), 

416(Fig.271),4i7(Fig. 

272),  419  (Fig.  273). 
Eranthis,  526,  593. 
Eremascus,  297  (Fig.  206), 

300. 
Eremocarpus,  621. 
Ereinosphffira,  236. 
Eremurus,  558. 
Ergot,  295,  302. 
Erica,  517.  655  (Fig.  455). 
Ericaceeg,  503,   5^0,    575, 

655. 
Ericales,  575,  654. 
Ericoide©,,  655. 
Erigeron,  663. 
Eriobotrya,  635, 
Eriocaulon,  552. 
Eriocaulonacese.  538,  552. 
Eriogonum,  597. 
Eriophormn,  5,ql. 
Erodium,  612. 
Erophila,  605. 
Eryngiitm,  625. 
Erysimum,  604. 
Erysipheee,  276,  294,  299 

(Fig.  209),  301. 
Erythr^a,  650  (Fig.  451). 
Eiythronium,  556. 
Erytbfotrichia,  272. 
Erythroxylacee^,  574,  613. 
Erythroxylon,  613. 
Escallonia,  640. 
Escbscholtzia,  601. 
Euastrum,  244  (Fig.  174). 
Eu-callitriche,  623. 
Eucalyptus,  631. 


Eucharis,  568. 
Euchrysomyxa.  306. 
Euchylium,  321. 
Eucoleosporiiim,  306. 
Eudavallia.  405. 
Eudorina,  237. 
Eudorineaei,  237. 
Eugenia,  631. 
Eumycetozoa,  285. 
Euonymus,  618. 
EupatoriesQ,  663. 
Eupatorium,  663. 
Euphorbia,  515,  621  (Fig. 

425), 
EuphorbiaceaB,   493,   570, 

574,  621. 
Euphorbieae,  492,  621. 
Euphorbiales,  574,  620. 
Euphrasia,  645. 
Eupodium,  383. 
Eurhynchium,  371. 
Euriccia,  342. 
Eurotiam,  295,  301   (Fig. 

211). 
IJusagus,  543, 
Eusporangiatse,  379,  381. 
Eustrobus,  485. 
Eutsuga,  4'^4. 
Evening  Primrose,  629. 
Evernia,  321. 
Exidia,  313.  315. 
Exoascus,  300. 
Exobasidium,  313,  316. 
ExosporesQ,  285. 
Eyebright,  645. 

Fabronia,  371. 
FabroniacesB,  371. 
Fagaceea,  573,  582. 
Fagopyrum,  598. 
FagrsE^a,  651. 
Fagus,  583. 
False  Oat-grass,  549. 
Fatsia,  626. 
Feather-grass,  548. 
Fegatella,  337,  343. 
Fenugreek,  636. 
Ferns.  376,  378,  381, 
Fern-Boyal,  406. 
P'escue-grass,  549. 
Festuca,  547,  549. 
FestucesB,  549. 
Fetid  Yew,  487. 
Feuillea,  515,  516. 
Ficoidesa,  600. 
Ficus,  578  (Fig.  379). 
Field  Poppy,  601. 
Fig,  578. 
Figwort,  645. 
Filago,  664. 
Filices,  380,  388. 


FilicinfE,  217, 372,378,381. 
Filicinse    Eusporangiatee, 

379,  381. 
Filicinee     Leptosporangi- 

atae,  379,  381,  388. 
Fimbriaria,  336,  342. 
Fir,  481. 

Fissidens,  355,  370. 
Fissidentaceae,  370. 
Fistulina,  313. 
Fitzroya,  486. 
Flag,  569. 
Flax,  613. 
Flax  Dodder,  647. 
Fleabane,  664. 
Florideae,  272. 
Flowering  Kush,  555. 
Fly  Orchis,  566. 
Foeniculum,624(Fig.  426), 

625. 
FontinalacesB,  371. 
Fontinalis,  355,  369  (Fig. 

252),  371. 
Fool's-Parsley,  626. 
Forget-me-not,  650. 
.Forsteronia,  526. 
Forsythia,  652. 
Fossombronia,  343,  351. 
Fouquiera,  609. 
Fourcroya,  568. 
Foxglove,  644. 
Foxtail-grass,  548. 
Fragaria,  634. 
Francoa,  507. 
Frankenia,  609. 
FrankeniacejB,  609. 
Frankincense-tree,  485. 
Fraxineee,  653. 
Fraxinus,  652  (Fig.  453). 
Freesia,  569. 
French  Bean,  637. 
!Freycinetia,  541. 
Fritillaria,  556. 
Frog's  Bit,  560. 
Ffullania,  343,    346  (Fig. 

245), 352. 
FucacesB,  257,  266. 
Fuchsia,    507,    508    (Fig. 

323),  629  (Fig.  429). 
Fucus,  263  (Fig.  188),  264 

(Figs.  189,  190,  191). 
Fuligo.  285. 
Fumaria,  611,  601. 
FumariacesB,  511, 518, 573, 

601. 
Fumitory,  602. 
Funaria,   325    (Fig.    232), 

326    (Fig.   233),    328 

(Figs.  236,  237),  369 

(Fig.  251).   370  (Fig. 

253). 


CLASSIFICATION    AND    NOMENCLATURE. 


793 


Funariaceee,  370. 
Fungi,  217,  220.  273. 
Funicularia,  342. 
FurcelUria,  272. 
Furze,  636. 

Gagea,  497,  558. 
Gaillardia.  664. 
Galactodeudrou,  579. 
Galanthus,  493,  567. 
Galax,  656. 
Galegegp,  636. 
Galeopsis,  643. 
Galingale,  551. 
Galinsoga.  664. 
(ialium,  658. 
Galtonia,  556. 
Gamopt'talae,  575,  611. 
Garlic,  55 '^. 
Gasteria,  558. 
Gasterolichenes,  320. 
Gasteromycetes,  312,  317. 
Gaultheria,  655. 
Gean,  633. 
Geaster,  318. 
Geissorhiza,  569. 
Gelidiaceee,  270,  272. 
Geli.lium,  272. 
Gelsemium,  651. 
Genista,  636. 
GenistesB,  636. 
Gentian,  650. 
Gentiana,  509  (Fig.  324), 

650. 
GentianaceeB,     508,     575, 

650. 
Gentianales,  575,  650. 
Gentianeee,  650. 
Geocalyceee,  348,  352. 
Geocalyx.  348. 
Georgia,  370. 
GeorgiacesB,  367,  370. 
Gerauiaceee,  503,  574,  612. 
Geraninles,  574,  612. 
Gesueraceaj,  526, 575,  646. 
Geura,  495,  634. 
Geranium,  492,  612  (Fig. 

414). 
Gigartiua,  272. 
Gigartinaceoe,  270,  272. 
Gigartininas,  272. 
Gilia,  648. 
Ginger,  562. 
Ginkgo,  449  (Fig.  290),  463, 

471,  482,  487. 
Githago,  599. 
Giraudia,  257,  259. 
Gladiolus,  510,  5l>9. 
Gladioleee,  569. 
Glass- Wort,  587. 
Glaucium,  601. 


Glaux,  504,  653. 
Gleditschia,  637. 
Gleichenia,  405. 
Gleicheniacese,    379,    390, 

405. 
Globba,  562. 
Globbese,  562. 
Globe-Hower,  593. 
Globe-Thistle,  661. 
Globularia,  643. 
Globulariacese  575,  643. 
Glceocapsa.  232  (Fig.  163). 
Glceosiphouia,  268,  272. 
Gloeosiphoniaceae,  272. 
Gloriosa,  557. 
Gloxinia,  512,  646. 
Glumales,  537,  538.  545. 
Glumiflorffi,  638,  545. 
Glyceria,  549. 
Glycine.  637. 
Glycyrrbiza,  636. 
Gljptostrobus,  463,  486. 
Gnaphalium,  664. 
Gnetaceae,  463,  480,  488. 
Gnetum,  463,  488. 
Gnidia,  620. 
Goat's-beard,  665. 
Golden  Rod,  663. 
Gold-of-pleasure,  605. 
Gonatonema,  246. 
Goniiim,  237. 
Goodyera,  567. 
Gooseberry,  640. 
Goose-foot,  587. 
Gorse,  636. 
Gossypium,  612. 
Gout-Weed.  626. 
Gracilaria,  272. 
Graminaceae,     512,     538, 

645. 
Granateje,  632. 
Grandinia,  316. 
(irape-Hyacinth,  556. 
Grape-Viue,  619. 
Graphideae,  322  (Fig.  231). 
Graphis,    820,    323    (Fig. 

231). 
Grasses,  545. 
Grass  of  Parnassus,  639. 
Grass-Wrack,  553. 
Grateloupia,  268,  272. 
Grateloupiaceae,  272. 
Gratiola,  644. 
Great  Burnet,  633. 
Green-weed,  636. 
Grevillea,  5H6. 
Griffithsia,  272. 
Grimaldia,  337,  342. 
Grimmia,  370. 
Grimmiacete.  370.     . 
Gromwell,  650. 


Ground  Ivy,  643. 
Ground-nut,  637. 
Groundsel,  663. 
Grubbia,  519. 
Guaiacum,  614. 
Guarea,  615. 
Guelder  Rose,  659. 
Guepinia,  315. 
Gunnera,  630. 
Gutta-percha,  653. 
GuttiferflB,  609. 
Guttiferales,  573,  608. 
Guttulineae,  285. 
Gymnadenia,     565     (Fig. 

371). 
Gymnadenieae,  .'i66. 
Gymnoasceee,  300. 
Gymnoascus,  294,  300. 
Gymnogramme,  395. 
Gymnogrongrus,  272. 
Gymnomitrieae,  352. 
Gymnomitrium,  352. 
Gymnospermae,  217,  463. 
Gymnosporanoium,  307. 
Gymnostomum,  369,  370. 
Gynandropsis.  495. 
Gynerium,  549. 
Gyrocepbalus,  315. 
Gyromitra,  303. 
Gyrophora,  322. 

Habenaria,  566. 
Haemadoraceae,  501. 
Haemanthus,  493. 
Haematococcus,  237. 
Haenuatoxylon.  637. 
Hair-grass,  549. 
Halarachnion,  268. 
Halesia,  653. 
Halidrys,  266. 
Halimeda,  238,  240. 
Halophila,   493,  504,  520, 

560. 
Halophileae,  560. 
Haloragidaceae,  574,  630. 
Haloapbaera,  236. 
Halymenia,  268,  272. 
Hamamelidaceae,  574.  641. 
Hamamelis,  508,  641. 
Haplomitrieae,  351. 
Haplomitrium,    333,   344, 

351. 
Haplospora,  262. 
Hard  Fern,  405. 
Hard  Wheat,  550. 
Hare-bell,  657. 
Hart's-tongue  Fern,  405. 
Havers,  549. 
Hawk's-beard,  665. 
Hawkbit,  665. 
Hawkweed,  665. 
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Hawthorn,  634. 
Hazel,  581. 
Heart's-ease,  605. 
Heather,  655. 
Hedera,  626. 
Hedge-Mustard,  601. 
Hedwigium,  370. 
Hedychieae,  562. 
Hedychium,     562      (Fig. 

367). 
HedysareaB,  636. 
Helenioidese,  66L 
Helenium,  664. 
Heliamphora,  607. 
HeUanthemum,  606. 
Helianthoidese,  684. 
Heliaathus,  664. 
HeHcouia,  562. 
HeliconiesB,  561. 
Heliotropium,  ()50. 
Helleborese,  593. 
Helleborines,  566. 
Helleborus,  593  (Fig.  397). 
Helmintliocladiaceffi,  267, 

272. 
Helminthora,  272 
Helminthost'ichys,  381. 
Helvella,  303. 
llelvellacese,  303. 
Hemerocallis,  492,  558. 
Hemitelia,  391,  405. 
Hemlock,  626. 
Hemlock  Fir,  484. 
Hemp,  578. 
Hemp  Agrimony,  663. 
Hemp  Nettle,  643. 
Hemp-tree,  643. 
Henbane,  649. 
HepaticEe,  217,  324,  333. 
Heppia,  321. 
Heracleum,  510  (Fig.  326), 

626  (Fig.  426). 
Herb  Cliristopher,  593. 
Herb  Paris,  659. 
Herb  Kobert,  612. 
Herminium,  566. 
Herniaria,  600. 
Hesperis,  604. 
Heteropuccinia,  303. 
Heteruromyces,  306. 
Heuchera,  639. 
Hexapogon  569. 
HibisceflB,  532,  611. 
Hibiscus,  611. 
Hickojy,  584. 
Hieracium,  665. 
Hildeubrandtia,  272. 
Himanthalia,  84,  266  (Fig. 

192). 
Hippocrepis,  637. 
Hippophae,  515,  620. 


Hippuris,  630  (Fig.  430). 
HirtelliuBB,  635. 
Holcus,  549. 
Holly,  619. 
Holly  Fern,  405. 
Hollyhock,  612. 
Holosteum,  599. 
Honesty,  605. 
Honey-grass,  549. 
Honeysuckle,  660. 
Hookeria,  371. 
Hookeriaceee,  371. 
Hooped- Petticoat  Daffodil, 

568. 
Hop,  578  (Fig.  380). 
Hordeas,  549. 
Hordeum,  550. 
Horehound,  64?. 
Hormidium,  247. 
Iformotila,  236. 
Hornbeam,  315,  582. 
Horned  Pondweed,  553. 
Horned  Poppy,  601. 
Horse  Chestnut.  616. 
Horse-radish,  605. 
Horse-shoe  Vetch,  637. 
Horse-tail,  416. 
Hoteia,  639. 
Hottonia,  b54. 
Hound's-tongue,  650. 
House-leek,  640. 
Houttuynia,  576. 
Ho.ya,  652. 

Humulus,  578  (Fig.  380). 
riura,  621. 
Hutchinsia,  f  05. 
Hyacinth,  556  (Fig.  332). 
Hyacinthus,  556. 
Hvdnangiura,  317. 
Hydneas,  312,  316. 
Hyduora,  589. 
Hydnoreee.  589. 
Hydnum,  3l6(Fig.  221). 
Hydrales,  538,  560. 
Hydrangea,  639. 
HydrangesB,  639. 
Hydrilleffi,  560. 
Hydrocharidacere,493,538, 

5b0. 
Hydrocharis   560. 
Hydrocleis,  555. 
Hydrocotyle,  625. 
HydrocotyleoB.  625. 
Hydrodictyactse,  238,  242. 
Hydrodictyou,  242. 
Hydropteridese,  375,  379, 

380,  406. 
Hydrurus,  257. 
Hylocomium,  371. 
Hymenogaster,  313,  317. 
HymenogastreeB,  317. 


Hymenolepis,  392. 
Hymenolichenes,  320. 
Hymenomycetes,  312,315. 
Hymeiiopliyl'aceaB,    379, 

331,  390,  404. 
Hymenophyllum,  390, 404. 
Hymenophytou,  351. 
Hymenostomum,369  370. 
Hyoscyamns.  509,  649. 
Hypecoum,  601. 
Hypenantron,  342. 
HypericacesB,     518,     573, 

60S. 
Hypericum,  608  (Fig.  411). 
Hypheene,  543. 
Hypnaeeee,  371. 
Hypnea,  272. 
Hypnum,  359,  371. 
HypochaBris,  665. 
Hypochnus,  316. 
HypochytrieEe,  286. 
HypocreacesB,  301. 
Hypoxidoideee,  568. 
Hypo xy Ion,  301. 
Hyssop,  643. 
Hyssopus.  643. 
Hysteranginra,  317. 
Hysterium,  278. 

Iberis,  605. 

Iceland  Moss,  322. 

Ilex,  503,  619. 

Illecebracece,  600. 

lUecebrum,  t'OO. 

lUiciese,  594. 

Iilicium,   529   (Fig.    340), 

594. 
Impatiens,  510,  614. 
Imperatoria,  626. 
Indian  Cress,  614. 
Indigo,  636. 
Indigofera,  636. 
Inula,  664. 
luuloidi'ffi,  664. 
Ipecachuana,  659. 
Iridaceee,   492,   501,    538, 

5«8. 
Tridinee,  569. 
IridioideEe,  569. 
Iridaea,  272. 
Iris,  568  (Fig.  373). 
Irish  Heath,  655. 
Isatidese.  605. 
Isatis,  603  (Fig.  407),  605. 
Isnardia,  50f>,  630. 
IsoetacesB,  379,  3S0,  334. 
Isoetes.    373,     383    (Fig. 

256. 
Tsonandra,  504,  653. 
Ithyphallus,  319. 
Ivy,  626. 
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Ix4a,  569. 
IxifflB,  569. 
Ixioideee,  569. 

Jacob's  Ladder,  648. 

Jalap,  588. 

Jambosa,  631  (Fig.  432). 

Jasione,  657. 

JasmineaB,  652 

Jasmin  urn,  506  (Fig.  320), 

653. 
.Tatropbrt,  621. 
Jerusalem  Artichoke,  664. 
.Tointeil  Pipewort,  552. 
Jonquil,  568. 
Jubuleae,  350,  352. 
Judas-tree,  637. 
Ju<:landaceae.  573.  584. 
Juglans.    515,   584    (Fig. 

389). 
Juncaceee,  492,  538,  5r>9. 
Junca<:jinace£e,    520,    538, 

554. 
JnncuR,  559. 
June  Berry,  635. 
Jnngermjinuia,  352. 
Jungermanniuceee,     325, 

336,  343. 
JungermanniesB,  352. 
Juniper,  486. 
JuniperinsB,  486. 
Junipfrus,  464.  477  (Fig. 

302),  4^*6  (Fig.  307). 
Justicia.  646. 
Jute,  610. 

Kalmia,  655. 
Kaulfussia,  383. 
Kauri  Gum-tree,  483. 
Kerri^,  632. 
Kidney -Vetch.  636. 
Knapweed.  6(d4. 
Knautia,  661. 
Knawel,  600. 
Kniphofia,  558. 
Knot-grass,  598. 
Koltresia,  552. 
Kceleria,  549. 
Kcenigia.  598. 
Kohl-rabi,  604. 

Labiatiflorte.  604. 
Labiatae,   5i0,   518,    576, 

642. 
Lachenalia,  556 
Lactarius,  •/74,  317. 
Lactuca,  <)65. 
Ladies'  Fingers,  636. 
Lady  Fern,  405. 
Lady's  Mantle,  633. 
Lady's  Slipper,  566. 


Lady's  Tresses.  567. 
Lagenidium,  290. 
Lauib's-lettuce,  661. 
Lamb's  Succory,  665. 
Lamiales,  575,  641. 
Laminaria,      223       (Fig. 

159),  257. 
Laminariacese  257,  259. 
Lamiura,  642    (Fig.    443), 

643. 
Lamprothamnns,  255. 
Laudolphia.  651. 
Lapageria.  559. 
Lapeyrousia.  569. 
Lapsana,  665. 
Larch,  484. 
LardizdlDeae,  595. 
Larix,  463.  484. 
Larkspur,  593 
Lasioideje,  540. 
Lastra'a,  405. 
Lathrffia,  646. 
I-athyrus,  637. 
LatiseptBB,  605. 
Laudatea,  320. 
Lauraceee,  519,  573.  596. 
L  lurencia,  272. 
Laurocerasus,  633. 
Laurustinus,  659. 
Lauras,  596  (Fig.  400). 
Lavandula,  642. 
Lavatera,  502. 
Lavender,  642. 
Lecanora,  322. 
Lecanorece,  322. 
I,ecidea.  320.  322. 
Lecid^^ace8e,  322. 
Lecythidaceae,  631. 
Lecythideae,  631. 
Leek,  558. 
Leersia,  548. 

Legiimiuosae,  506,574,635. 
Lejeunia,  344,  352. 
Lemanea,  268,  271,  272. 
Lemaueaceae,  267,  272. 
Lemua,  541  (Fig.  350). 
Lerauaceae.  537,  538,  511. 
Lemon,  615. 
Lempholemma,  321. 
Leniioaceae,  656. 
Lens.  637. 
Leutibulariaceae,  575,  614 

(Fig.  444),  647. 
Lentil,  637. 
Lenzites,  313,  317. 
Leontodon,  6fi5. 
Leonurus,  643. 
Lepidiueae,  605. 
Lepidium,  605. 
Lepidooaryinee,  548. 
Lepidozia,  344,  352. 


Lepigonum,  699. 
Lepiota,  312,  317. 
Leptodon,  371. 
Leptogium,  321. 
Leptogonum,  593. 
Leptoleguia,  293. 
Leptophyllis,  272. 
Leptopuccinia,  307. 
Leptospermeae,  631. 
Leptosporangiatae,    379, 

381,  388. 
Leptothrichieae,  282. 
Leptothrix,  281,  282. 
Leptouromyces,  307. 
Lehkea,  371. 
Lesser  Celandine,  593. 
Lesser  Dodder,  647. 
Lettuce,  665. 
Leuce,  585. 
LeucobryaceaB,  370. 
Leucobryum,  367.  d70. 
Leucodon,  371. 
Leucojum,  493,  567. 
Leuconostoc,  282. 
Leucostegia,  405. 
Lewisia,  600. 

Leycesteria,  659  (Fig. 460). 
Libertia,  669. 
Libocedrus,  486. 
Licheues,  273.  319. 
Lichina,  320,  321. 
Liguum  Vitae.  614. 
Liguhtiorae,  665. 
Ligusticum.  625. 
Ligustrutu,  652. 
Lilac,  652. 
Lilaea,  554. 
Liliaceae,  538,  556. 
Liliales.  538,  556. 
Lilioideae,  556. 
Liiium,  605  (Fig.  319),  508 

(Fig.  322),    517    (F.g. 

331),    523    (Fig.  337) 

556. 
Lily,  499  (Fig.  313),  556. 
Lily  of  the  Valley,  558. 
Liiiie,  615. 
Lime-tree,  610. 
Limnautbemum,  661. 
Litunocharis,  555. 
Limosella,  644. 
Liuaceae,  496,  574,  613. 
Linaria,  511,  614. 
Ling,  665. 
Liuuaea,  660. 
Liuum,  613. 
Liparidinee,  567. 
Liparis,  563,  5G7. 
Liquidambar,  641. 
Linodendron,  591. 
Listera,  667. 
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Litlioderma,  262. 
Lithophyllam,  272. 
Lithospermum,  GoO. 
Lithotliamnion,  272. 
L  torella,  616. 
Liverworts,  324,332. 
Lloydia,  556. 
Lobelia,    51 L.    657    (Figs. 

457,  458). 
LobeliacesB,  575,  657. 
LoganiacesB,  575,  651. 
Loiseleuria,  655. 
Lolium,  549. 
Lomaria,  405. 
Lombardy  Poplar,  586. 
Lomentaceee,  605. 
Lomentaria,  272. 
Lonicera,  659  (Fig.  461). 
Lonicereee,  6fiO. 
Loosestrife,  630. 
Lophocolea    343,  352. 
Lophopbytnm,  590. 
Loquat,  635. 

Lorauthace8B,525,573,589. 
Loranthus,  590. 
Lords  aud  Ladies,  541. 
Lotese,  636. 

Lotus,  594,  635  (Fig.  435). 
Lousewort,  645. 
Lucerne,  636. 
Lucuma,  504. 
Lunaria,  605. 
Lung-wort,  650. 
Lunularia,  337,  343. 
Lapinus,  636. 
Luziola,  547. 
Luzula,  559. 
Luzuriagoidese,  559. 
Lychnis,     494,    503,    599 

(Fig.  403). 
Lycium,  649. 
Lyciiothamnus,  255. 
LycoperdesB,  318. 
Lycoperdou,     318     (Fig. 

224). 
Lycopersicum,  649. 
LycopodiacesB,    374,    380, 

421. 
Lycopodinse,  217,  372, 379, 

421. 
Lycopodium,421  (Fig.274), 

422    (Fig.    275),    423 

(Fig.  276). 
Lycopsis,  650. 
Lycopus,  642. 
Lygodium,  389,  390,  406. 
Lyme-grass,  550. 
Lysimacliia,  653. 
Lythraceas,  574,  630. 
Lythrum,  630. 
Mace,  597. 


Madura,  578. 
Macrocystis,  262. 
Macrozamia,  481. 
Madder,  658. 
Madotbeca,  350,  352. 
Magnolia,  496,  594. 
Magnoliacese,  573,  593. 
Magnolieag,  594. 
Mahogany.  615. 
Mahonia,  509,  595. 
Maianthemum,  558.  559. 
Maiden-hair  Fern,  405. 
Maiden-hair  Tree,  487. 
Maize,  5  17. 
Malaxis.  567. 
Male  Fern,  405. 
Mallow,  611. 
Malopeee,  532,  611. 
Malpighiaceee,  509. 
Malus,  634. 
Malva,  611  (Fig.  413). 
Malvaceffi,  520,  573,  611. 
Malvales,  573,  609. 
Malveffi,  532. 
Mamillaria,  629. 
Mandarin  Orange,  615. 
Manglesia,  586  (Fig.  391). 
Mangold,  587. 
Mangrove,  632. 
Manihot,  622 
Manna-ash,  652. 
Man  Orchis,  566. 
Maple,  571  (Fig.  375),  616. 
Maranta,  563. 
MarantacesB,  533,  538,  562. 
Marasmius,  317. 
Murattia,  383. 
Marattiacese,  374, 379, 380, 

381,  383. 
Marchantia,326  (Fig.  234), 

327    (Fig.    235),    335 

(Fig.  239),    337   (Fig. 

240),  339   (Fig.  241j, 

343. 
Marchantiaceae,  829,  334, 

336,  341. 
MarcbantiesB,  336,  342. 
Mare'8-tail,  630. 
Mariposa  Lily,  556. 
Marjoram,  642. 
Marrubium,  643. 
Marsh  Andromeda,  655. 
Marsh  Cinquefoil,  634. 
Marsh-mallow,  612. 
Marsh-marigold,  593. 
Marsh-Fampbire,  587. 
Marsilea,  409  (Fig.  269). 
Marsileaceae,  379,  381,  415. 
Marsupella,  352. 
Marvel  of  Peru,  588. 
Massaria,  302. 


Mastigobryum,  344,  352. 
Mat  grass,  550. 
Matricaria,  664. 
Maithiola,  604. 
Manrandia,  644. 
Mauritia,  543. 
May,  634. 
Ma.\de8B,  547. 
Meadow-grass,  549. 
Meadow-rue,  591. 
Meadow  Saffron,  553. 
Meadow-sweet,  632. 
Mecooopsis,  601. 
Medicago,  636. 
Medlar,  634. 
Meesia,  359,  370. 
Melaleuca,  631. 
Melainpsora,     306      (Fig. 

216). 
Melampyrum,  645. 
Melatiogaster,  317. 
Melanospora,  276  301. 
Melanthioidese,  558. 
Melia,  615. 
MeliacesB,  574,  615. 
Melica,  545,  549. 
Melic-grass,  549. 
MeUlotus.  636. 
Melissa,  643. 
Melissinese,  643. 
Melittis,  643. 
Melobesia,  267,  272. 
Melon,  623. 
Menispermaceae,  502,  516, 

573,  595  (Fig.  399). 
Menispermales,  573,  594. 
Menispermum,  5s^5. 
Mentha,  642. 
Meuthoideee,  642. 
Menyantbese,  651. 
Menyanthes,  509  (Fig.324), 

651. 
Mercurialis,  515,  622. 
Menziesia,  655. 
Mertensia,  650. 
Merulius,  316. 
Mesembryanthemum,  GOO. 
Mesocarpese  246. 
Mesogloea,  257. 
iMesogloeeee,  257. 
Mespilus,  634. 
Metrosideros,  631. 
Metroxylon,  543. 
Metzgeria,  344  (Fig.  243), 

351. 
Metzgeriese,  351. 
Meum,  625. 
Micbauxia,  498,  657. 
Microcachrys,  487. 
Microcycas,  481. 
Microspougium,  257. 
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Micro'pora,  247. 
Microtea,  587. 
Microthainnion,  247. 
Mignonette,  606, 
Milcieella,  368. 
Mildew,  294,  301. 
Milfoil,  664. 
Milium,  548. 
Milkwort,  617. 
Milla,  558. 
Millet,  547. 
Millet-graps,  548. 
Millet-seed,  548. 
Mimosa,   506    (Fig.  821), 

638. 
Mimoseae,  637. 
Mimiilus,  644. 
Mimusops,  496. 
Mint,  642. 
Mirabilis,  509,  588. 
Miscbococcus,  236. 
Mistletoe,  590. 
MniaceeB,  370. 
Muium,  370. 
Mock  Orange,  639. 
Moenchia,  599. 
Mohiia,    391    (Fig.   259), 

406. 
Molinia,  549. 
Monadineee,  285. 
MonandrsB,  566. 
Monardese,  643. 
Monk's  hood,  593. 
Monoblepharis,  275,  292. 
Mouocblamyde8B,573,  575. 
Monoclea,  348. 
Monocotyledones,  2 17, 462, 

533. 
Monogramme,  401. 
Monospora,  267,  272. 
Monostroma,  248. 
Monotropa,  570,  656. 
Monotropeee,  656 
Monstera,  533,  540. 
Monsteroideee,  540. 
Montbretia,  569. 
Montia,  600. 
Moon- wort,  383. 
Moor-grass  549. 
Moraceee,  573,  577. 
Morchella,  303. 
Morell,  303. 
Morello  Cherry,  633. 
Morkia,  348,  351. 
Mortierella,  289. 
Mortierelleaj,  289. 
Morus,  502,  577. 
Moschatel,  659. 
Mosses,  324,  333,  35 i. 
Mother-wort,  643. 
Mougeotia,  246. 


Mould,  273,  294. 
Mountain  Ash,  634. 
Mountain  Avens,  634. 
Mountain  Sorrel,  598. 
Mouse-tail,  592. 
Mucor,    287     (Fig.     199), 

288  (Fig.  200). 
MucoracesB.  287,  289. 
Mucorinse.  278,  285,  287. 
Mud  wort,  644. 
Muehlenbeckia,  598. 
Mulberry,  577. 
Mullein,  644. 

Musa,  507,  562  (Fig.  366). 
Musacese,  533,  538,  561. 
Muscari,  556. 
Musci,2l7,  324,333,354. 
Muscioeee,  324. 
Museee,  561. 
Mushroom,  310. 
Musk,  644. 
Musk  Orchis,  566. 
Musschia,  657.  , 

Mustard,  605. 
Mutisia,  665. 
Mutisieas,  665. 
Mycochytridineee,  286. 
Mycorhiza,  273. 
Myosotis,  650. 
Myosurus,  592. 
Myrica,  584. 
Myricacese,  573,  584. 
M}ricaria,  609. 
Myrinia,  371. 
Myrionema,  257,  259. 
Myrionemeee,  257. 
Myriophyllum,  630. 
Myriotrichia,  257. 
MyriotrichesB,  257. 
M>ri8tic*,  596  (Fig.  401). 
Myristicacese,  573,  596. 
Myrrh,  615. 
Myrrhis,  626. 
MyrsinaceeB,  575,  654. 
Myrtaceae,  518,  574,  631. 
Myrtales,  574,  629. 
Myrteee,  631. 
Myrtle,  631. 
Myrtus,  631. 
Mystropetalon,  590. 
MyxocbytridineeB,  286. 
Myxomycetes,    274,    280, 

283. 
Myzocytium,  291. 

Naccaria,  272. 
NaiadaceaB,  520,  638,  653. 
NaiadesB,  553. 
Naias,  489,  526,  553. 
Nandina,  602,  595. 
Nanomitrium,  368. 


Narcissales,  538,  567. 
Narcissus,  493,  568. 
Nardia,  352. 
Nardus,  550. 
Narthecium,  558. 
Nasturtium,  604,  614. 
Navew,  604. 
Neckera,  371. 
Neckeracese,  371. 
Nectria,  301. 
Neesiella,  342, 
Nelumbieee,  594. 
Nelumbium,  594. 
Nemaliou,  269  (Fig.  194), 

272, 
NemalioninaB,  272, 
Nemastoma,  268,  272. 
Nemastomacpas,  272. 
Neotinea,  566, 
Neottia,  564,  567. 
Neottiinae,  566. 
Nepenthaceas,  573,  607. 
Nepenthes,  608. 
Nepeta,  643. 
Nepeteae,  643, 
Nephrodium,  389(Fig.257), 

391,  405, 
Nereocystis,  262. 
Nerium,  526,  527,  651. 
New  Zealand  Flax,  558, 
Nicotiana,  514  (Fig.  329), 

649, 
Nidularia,  318, 
NidularieaB,  318. 
Nig«illa,  593, 
Nigritella,  563,  566. 
Nipa,  544, 
Nipplewort,  665. 
Nitella,  255. 
Nitelleae,  255. 
Nitophyllum,  272. 
Nopalea,  629. 
Nostoc,    252    (Figs.    164, 

165). 
NostocaceeB.  233,  321. 
Noteroclada,  351. 
Notochlaeua,  392, 
NotorhizeaB,  604, 
Nothoscordum,  558. 
Notothylas,  352. 
NucumentaceaB,  605. 
Nuphar,  594. 
Nutmeg,  597. 
Nux  Vomica,  651. 
Nyctnginaceae,    494,    573, 

588. 
Nyctalis,  313,  317. 
Nymphaea,  524,  594. 
Nympi.aBacefiB,    670,    673, 

694. 
Nyraphaeinse,  594. 
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Oak,  303,  582. 
Oat,  5i9. 
Oat-grass,  5i9. 
Ocblandra,  5i7. 
OcimoidesB,  Gi2. 
Ociiuum,  642. 
Octaviana  313,  317. 
Odontia,  316. 
(Edogouiacese,  213,248. 
(Edogonium,     249     (Fig. 

178). 
(Enanthe,  625. 
(Enothera,  629. 
Oil  Palm,  544. 
Old  Man's  Beard,  591. 
Olea,  508,  652. 
Oleace®.  501,  575,  652. 
OleinesB,  652. 
Olferriia,  405. 
Olibanum,  615. 
Oligoporurf,  313. 
Olive,  652. 
Olpidiopsis,  236. 
Olpidium,  286. 
Omphalaria,  321. 
Onagracese,  508,  523,  574, 

629 
OucidiineB,  561. 
Oucidium,  567. 
Oiicocyclus,  569. 
Onion,  55S. 
Onobrychis,  637. 
Onoclea,  390,  405. 
Ononis,  636. 
Onopordoa,  664. 
Oocardium.  236. 
Oocystis,  236. 
Oomycetes,  276.  280,  230. 
Opegrapha,  321. 
Operculatas,  342. 
OphioglossacesB,  374,  379, 

381. 
Opliiog  ossum,  374,  381. 
Ophiopogon,  559. 
Ophiopogonoidesa,  559. 
Ophrydinee,  566. 
Opbrys,  566. 
Opuntia,  629. 
Oi-acbe,  587. 
Orange.  615. 
Orcbidaceee,  501,  511,  533, 

563. 
Orchidales,  538,  563. 
Origanum,  642. 
Oralis.    561    (Figs.    370, 

371),  566. 
Ornithogalum,  556. 
Ornithopteris,  392. 
Orobanchaceee,  575,  616. 
Orobanche,  646. 
Orobus,  637. 


Orontium,  533,  540. 
Orpine,  640. 
Ortboclada,  547. 
OrthoplocesB.  604. 
Orthospermeoe,  625. 
OrthotrichaceBB,  370. 
Orthotriebum,    359,   362, 

370. 
Oryza,  548. 
Oryzeee,  548. 
Oscilla-ria.  231  (Fig.  164). 
Oscillariacege   233. 
Osmanthus,  652. 
Osoiunda,   388,   394  (Fig. 

261),  406. 
Osmundaceee,     379,     381, 

406. 
Ostr.va,  582. 
Ouvirandra,  554. 
Oxali.iaceae,  496,  574,  613. 
Oxalis,  613. 
Ox-eye  Daisy,  664. 
Oxlip,  653. 
Oxycedrus,  486. 
Oxycoccos,  656. 
Oxymitra,  336,  342. 
Oxyria,  598. 

Pacbygone,  595. 
Pachygonese,  595. 
Padina,  263. 
P83ouia,  521,  593. 
PeBouieee,  593. 
Paigle,  653. 
Palaqniam,  653. 
Pallavicinia,  351. 
Palm,  643. 
PalmacesB,  538,  542. 
Palmales,  638,  542. 
Palmella,  236. 
Pdlmodactylon,  236. 
Palmodictyon,  236. 
Palmophviliim,  236. 
Palmyra, ^543. 
Pampas  Grass,  549. 
Pancratium,  568, 
Pandanaceffl,     515,     538, 

541. 
Pandanus,  541. 
Pandorina,  237  (Fig.  167). 
Pandorinese,  237. 
Paniceee,  547. 
PanicoidesB,  547. 
Panicum,  546  (Fig.  354). 
Pannaria,  321. 
Pansy,  606. 
Panus,  317. 
Papaver,  601. 
Papaveracese,     501,    573, 

600. 
Papaw,  627. 


Papayaceee,  574,  627. 
Paper  Mulberry,  578. 
Papilioneffi,  511,  518,  635. 
Papyrus,  551. 
Pariana,  547,  550. 
Parietales,  573,  600. 
Parietaria,  577. 
Paris,  559  (Fig.  364). 
Parlour  Palm,  559. 
Parmelia,  321. 
Parnassia,  526,  639  (Fig. 

440). 
Parnaspiese,  639. 
Parouychieae,  512,  600. 
Parrotia,  641. 
Parsley,  626. 
Parsley  Fern,  405. 
Parsnip,  626. 
Passiflora,  627. 
Passitioracese,  574.  627. 
Passiflorales,  574.  626. 
Passion  Flower,  627. 
Pastinaca,  626. 
Patchouli,  642. 
Patersonia,  569. 
Paulownia,  644. 
Pea,  637. 
Peach,  633. 
Pearl- wort,  599. 
Pear-tree,  631. 
Pediastrum,  242. 
Pedicularis,  645. 
Pelargonium,  510,  612. 
Pellia,  332,  351. 
Peltigera,  320,  321. 
Peltoiepis,  338,  342. 
Pelvetia,  266. 
Penicillium,  278,  296  (Fig. 

205),  301. 
Penny-cress,  605. 
Pentstemon,  644. 
Peony,  593. 

Peperomia,  576  (Fig.  376). 
Peplis,  630. 
Pepper,  576. 
Feriploca,  652. 
Peri.-^poriaceae,  301. 
Perisporiese,  301. 
Periwinkle,  651. 
Peronospora,  278,  292. 
Peronosporacese,  278,  291. 
Persimmon,  653. 
Personates,  575,  643. 
Pertusaria,  320. 
Peruvian  Lily,  568. 
Petaloideae,  538,  553. 
Petalophyllum,  343,  317, 

351. 
Petasites,  492,  663. 
Petrocelis,  272. 
Petroselinum,  625. 
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Petunia,  509  (Fif?.324),649. 
Peucedaneee,  626. 
Peucedanum,  626. 
Peyssonuelia,  272. 
Peziza,  299,  303  (Fig.  213). 
Pezizaceae,  303  (Fig.  213). 
PhacidieaB,  303. 
Phacotus,  237. 
Phasogamce,  257, 262. 
PhaBopbycese,  221,  255. 
Pheeophila,  248. 
PhaeosporesB,  257,  258. 
Phajiiiiae,  564. 
Phalarideae,  548. 
PLalaris,  548. 
Pballoideae,  313,  319. 
Phallus.  319  (Fig.  225). 
Phanerogamia,  217,  431. 
Phascaceas,  368. 
Phascura,  330,  368. 
Phaseoleae,  637. 
Phaseolus,  637. 
Pheasant's  Eye,  592. 
Pheasant's  Eye  Narcissus, 

568. 
Phegopteris,  405. 
Philadelpbese,  639. 
Philadelphus,  506,  639. 
Phillyrea,  652. 
Philodeiidroidese,  540. 
Phlebia,  313. 
Phleura.  548. 
Phlox.  648. 
Phcenix,    534   (Fig.    345), 

543,  544  (Fig.  352). 
Pholiota,  313. 
Phorniiuu),  558. 
Photiiiia,  635. 
Phragmicoma,  347,  352. 
Phragmidiopsis,  307. 
Phragmidium,  307. 
Phragmites,  549. 
Phucagrostis,  553. 
Phycochiomaceee,  221,231. 
Phycomyces,  289. 
Phy corny cetes,   275,   280, 

285. 
PhyllantbetE,  621. 
Phyllanthus,  622. 
Phylliscium,  321. 
Phyllitis,  257,  262. 
Phyllobiura,  236. 
Phyllocactus,  629. 
Phyllocladus,  463,  487. 
Phyllodoce,  655. 
Pbylloglossum,  421. 
Phyllophora,  272. 
Phyllosiphon,  238,  240. 
PhyllosiphoneaB,  240. 
Pbyllospadix,  553. 
Physalis,  649. 
V.  S.  B. 


Pbyscia,  321. 

Physcomitrella,  368. 
PbyscomitrellaceaB,  368. 
Pbyscomitrium,  370. 
Pbysoderma,  310. 
Physoschoeuus,  553. 
Physospermum,  626. 
Pbysosiigma,  637. 
Physureae,  567. 
Pbytelepbantinse,  544. 
Phytelephas,  544. 
Phyteuma,  657. 
Phytolacca,  587  (Fig.  393). 
Phytolaccaceae,   513,  573, 

587. 
Phytophthora.  291  (Figs. 

201,  202,  203),  292. 
Phytophysa,  240. 
Picea.  472  (Fig.  298),  473 

(Fig.  299),   476  (Fig. 

301),  484. 
Picris,  665. 
Pilacre,  315. 
Pilacre®,  312,  315. 
Pilobolus,  289. 
Pilostyles,  589. 
Pilularia,  406,  410,  415. 
Pimpernel,  653. 
Pimpinella,  625. 
Pinaster,  485. 
Pine,  485. 
Pinea,  485. 

Pine-apple,  561  (Fig.  365). 
Pinguicula,  647. 
Pink,  599. 

Pinnularia,  258  (Fig.  184). 
Pinoideae,  483. 
Pinus,  468  (Fig.  297),  475 

(Fig.  300),  482    (Fig. 

304),  485. 
Piper,  526,  576. 
Piperaceae.  573,  576. 
Piperales,  573,  576. 
Piptocephalideae,  287. 
Piptocephalis,  289. 
Pistacia,  618. 
Pistachio-Kernel,  618. 
Pistia,  541. 
Pistillaria,  315. 
Pistioideae,  541. 
Pisum,  637. 
Pithophora,  241. 
Pittosporaceae,  574,  640. 
Pittosporum,  641. 
Plagiocbasma,  336,  342. 
Plagiochila,346  (Fig.  244), 

352 
Plane,  638, 

PlanoblastaB,  291,  292. 
PlantaginaceaB,  575,  645. 
Plantago,  646  (Fig.  446). 


Plantain,  562,  646. 
Plasmodiopboreae,  285. 
Platanaceae,  574,  638. 
Platanus,  638  (Fig.  438). 
Platycerium,  389,  405. 
Platycodon,  657. 
Platyphylleae,  352. 
Pleospora,  276,  278,  301. 
Pleuridium,  368. 
Pleurocarpae,  371. 
Pleurocladia,  262. 
Pleurococcaceae,  236. 
Pleurococcus,     236    (Fig. 

166). 
Pleurorbizeae,  604. 
Plocamium,  267,  272. 
Plumbaginaceae,  575,  654. 
Plumbago,  654. 
Plume-thistle,  664. 
Poa,  549. 
Podalyrieae,  636. 
Podocarpe*,  469,  487. 
Podocarpus,  465,  487. 
Podophyllum,  595. 
Podosplia3ra,  298. 
Podostemaceae,  574,  641. 
Pogonatum,  370. 
Pogoniris,  569. 
Pogostemon,  642. 
Poinsettia,  493,  622. 
Polemoniaceas,  575,  648. 
Polemoniales,  575,  647. 
Polemonium,  648. 
Polybotrya,  390,  405. 
PolycarpeaD,  600. 
Polycarpon,  600. 
Polychidium.  321. 
Polygala,  617  (Fig.  419). 
Polygalace®,  520,574,617. 
Polygonaceffi,     501,     573, 

597. 
Polvgouatum,  558. 
Polygonum.  489,  500,  597 

(Fig.  402). 
Polyides,  272. 
Polypetalae,  573,  591. 
Polyphagus,  286. 
Polypodiaceae,    379,    381, 

391.  404. 
PolypodieaB,  391,  40."). 
Polypodium,  388,  389  (Fig. 

267),   400  (Fig.  267), 

405. 
Polyporeae,  312,  316. 
Polyporus,  313,  316  (Fig. 

221). 
Polysaccum,  318. 
Polysiphonia,     224    (Fig. 

161),  268,  272. 
Poly  stigma,  296,  aOl. 
PolytrichaceaB,  357,  370. 
3  F 
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Polytrichum,     359,     371 

(Fig.  254). 
Pomeffi,  634  (Fig.  433). 
Pomegranate,  632. 
Pondweed,  554. 
Ponte<^eria,  559. 
Pontederiacea5,  538,  559. 
Pooideas,  548. 
Poplar,  585. 
Poppy,  601. 
Populus,  585. 
Porocyphus,  321. 
Porotbelium,  316. 
Porphyra,  272, 
Porphyrinae,  272. 
Portugal  Laurel,  633. 
Portulaca,  600. 
Portulaceffi,  573,  600. 
Posidonia,  553. 
Posidonieffi,  553. 
Potamogeton,  554. 
Potamogetoneae,  553. 
Potato  Plant.  649. 
Potentilla,  495,  634. 
Potentilleffi,  633  (Fig.  433). 
Poterieae,  633. 
Poterium,  633. 
Pothoideae,  540. 
Pothos,  540. 
Pot  Marigold,  664. 
Pottia,  370. 
Pottiaceae.  370. 
Preissia,  336,  343. 
Prickly  Samphire,  626. 
Primrose,  653. 
Primula,  508   (Fig.   322), 

654  (Fig  4H). 
Primulaceffi,  489,  504,  575, 

653. 
Priraulales,  575,  653. 
Privet,  652. 
Prosopanche,  589. 
Prosopis,  589. 
Protea,  586. 

Proteaceffi,  513,  573,  586. 
Proteales,  573,  586. 
Protobasidiomycetes,  312, 

315. 
Protococcaceae,  236,  321. 
ProtococcoideEe,  235,  236. 
Protomyces,  308. 
Pruneae.  632  (Fig.  433). 
Prunella,  643. 
Prunophora.  633. 
Prunus,  632. 
Psalliota,  312,  317. 
Psathyrella,  313. 
Pspudocallitriche,  623. 
Pseudolarix,  484. 
Pseudoneura,  348. 
Pseudosolaneae,  644. 


Pseudostrobus,  485. 
Pseudotsuga  484. 
Psilotacete,  375,  3«0,  425. 
Psilotum,  373,  425. 
Ptelea,  515.  614. 
Pterideae,  405. 
Pteridium,  405. 
Pteridopbyta,  217,  372. 
Pteris,  389  (Fig.  257),  397 

(Fig.  262),  398   (Fig. 

264),  405. 
Pterocladia,  272. 
Pterostegia,  593. 
Ptilideffi,  352. 
Ptilidium,  352. 
Ptilota,  272. 
Puccinia,  278,  304  (Figs. 

214,  215). 
Pucciniopsis,  307. 
Puffball,  310,  318. 
Pulicaria,  664. 
Pulmonaria,  650. 
Pumpkin,  628. 
Punctaria,  257. 
Punctarieae,  257. 
Punica,  632. 
Punicaceae,  632. 
Pnrple  Beech.  583. 
Purslane,  600. 
Pycnopbycus,  266. 
Pylaiella,  257,  259. 
Pyrenolicheues,  320. 
Pyrenomycetes,  301. 
Pyrola,655  (Fig.  455),  656. 
Pyrolaceffi,  503,  575,  656. 
Pyronema,  276,  298  (Fig. 

207). 
Pyrus,  634. 
Pythium,  291,  292. 

Quaking-grass,  549. 
Queltia,  568. 
Qnercus,  583  (Fig.  388). 
Quillaieae,  635. 
Quince,  634. 

Racoblenna,  321. 

Eacodium,  321. 

Racomitrium,  370. 

Radiola,  613. 

Radish,  605. 

Radula.    335    (Fig.    239), 

343,  352. 
Rafflesia,  539. 
Rafflesiese,  589. 
Ramalina,  322. 
Rameya,  595. 
Ramondia,  646. 
Rampion,  657. 
Ranales,  573,  591. 
RanunculaceBB,  573,  591. 


Ranunculus,     692     (Fig. 

397). 
Rapa,  604. 
Rape,  605. 
Raphaneas,  605. 
Raphanus,  603  (Fig.  407), 

604. 
Rapbia,  543. 
Raphiolepis,  635. 
Raspberry,  634. 
Rattle,  645. 
Ravenala,  561. 
Reaumuria,  609. 
Reboulia,  337,  342. 
Red-wood  Pine,  485. 
Reed,  549. 
Reed-grass,  548. 
Reed-mace,  542. 
Reindeer  Moss,  322. 
Reseda,  507,  511,  606. 
Resedacese  573.  606. 
Rest-harrow,  63*1. 
Restiace8e,538,  552. 
Restiales,  538.  552. 
Rhamnaceae,  498,  501, 574, 

618. 
Rhamnus,  618  (Fig.  421). 
Rheum,  598. 
Rhinanthoideae  644. 
Rbinantbus,  645. 
Rbinopetalum,  511. 
Rbipidonema,  320,  321. 
Rhipsalis.  628. 
Rhizocarpae,  379,  406. 
Rbizoclonium,  241. 
Rbizomorpha,  314. 
Rhizophora,  632. 
Rhizopboraceae,  574  632. 
Rhizophyllidaceae,  272. 
Rhizophyllis,  272. 
Rhizopogon,  317,318  (Fig. 

224). 
Rhodocbitou,  644. 
Rbododendroideae.  655. 
Rhododendron.  655. 
Rhodomela,  272. 
Rbodomelaceas,  272. 
Rhodopbyceae,  221,  267. 
Rhodophyllidaceae,  272. 
Rhodophyllis,  272. 
Rhodoraceae,  503. 
Rhodotypus,  632. 
Rhodymenia,  272. 
RhodymenJaceae    272. 
Rhodymeniuae,  272. 
Rhubarb,  598. 
Rhus,  618  (Fig.  420). 
Rhytiphloea,  272. 
Rhytisma,  303. 
Ribes.  509  (Fig.  324),  640 

(Fig.  441). 
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BibesiaceoB,  503. 
KibesieeB,  524,  640. 
Ribwort,  646. 
RiccarJia,  351. 
Riccia,  335  (Fig.  239),  3i2 

{Fig.2i2j. 
Riccieee,  329,  336,  341. 
Ricciella,  342. 
Ricciocarpus,  336,  341. 
Rice-plant,  54-?. 
Richardia,  490,  541. 
Ricinus,    516,    519    (Fig. 

333),  622. 
Riella,  343.  344,  351. 
Rielleee,  351. 
RivulariacesB,  233,  321. 
Robinia,  636. 
Roccella,  321. 
Rock  rose,  606. 
Rodgersia,  639. 
Roestelia,  309. 
Romulea,  56S. 
RoridiiU,  608. 
Rosa,  503  (Fig.  316),  632. 
RosacesB,  495, 570,574, 632. 
Rosales.  574,  632. 
Rose,  632. 

Roseee,  632  (Fig.  433). 
Rosemary,  643. 
Rosmarinus,  643. 
Rowan-tree,  634. 
Rubia,  65S  (F.g  459). 
Rubiaceae,  575,  65S. 
Rabiales.  575.  658. 
Rubus,  633  (Fig.  434). 
Rudbackia,  661. 
Rue,  614. 
Ruellia,  646. 
Rumex,  516,  593. 
Ruppia,  554. 
Rus3us,  553. 
Rush  559. 

Ru?=tulH.  318  (Fig.  223). 
Rust,  273,  303. 
Ruta,  614. 
RutacpflB,   503,    526,   574, 

614. 
RutesB.  510,  614. 
Rye,  550. 
Rye-grass,  549. 

Sibina,  4S6. 
Saccharomyces,  300  (Fig. 

210). 
Saccharomycetes,  300. 
Saccharum,  548. 
Saccogyna,  347,  352. 
Safflower.  604. 
Saffron  Crocus,  568. 
Sagina,  599. 
Sagittaria,  555. 


Sago,  543. 
Sainfoin,  637. 
Salad  Burnet,  633. 
Salicaceee,  512,  573,  585.. 
Salicornia,  587. 
Salisburla,  487. 
Salix,  585  (Fig.  390). 
Sallow,  585. 
Salpiglossidese,  649. 
Saipiglossis,  649. 
Salsafy,  665. 
Salsola,  587. 
Salt-wort.  587. 
Salvia,  519,  642,  643. 
Salvinia,    373.  403    (Fig. 

238),  415  (Fig.  270). 
Salviuiaceee,      379,      381, 

406,  412,  415. 
SimbuceeB.  659. 
Sambucus,  659. 
Samolus,  654. 
Samphire,  626. 
Sandal-wood,  589. 
Sand-wort,  599. 
Sant?uisorba.  504,  633. 
Sanicula,  625. 
SaniculesB,  625. 
Sansevieria,  5>9. 
SantalacesB,      525,      573, 

589. 
Santalales,  673,  589. 
Santalum,  589. 
Sapindaceae,      527,     674, 

616. 
Saoinda^es,  574,  615. 
Sipindus,  616. 
Saponaria,  5'.»9. 
SapDtaceae,  496,  504,675, 

653. 
Saprolegnia,  294. 
Saprolegniaceee,  275,  279, 

230,  293. 
Sarcina.  2i2. 
Sarcophyte.  519,  590. 
Sarcoscyphus,  352. 
Sargassum,  266. 
Sarotharanus,  636. 
Sarracenia,       607      (Fig. 

410). 
Sarraceniacees,  573,  607. 
Sarraceniales,  573,  607. 
Sarsaparilla,  659. 
Satureia,  642. 
Satureineee,  642. 
Saururaceae,  573,  676. 
Saussurea,  664. 
S  iuteria,  330,  342. 
Savia,  621. 
Savoy-cabbage,  604. 
Saw-wort,  664. 
Sazegotbea,  487. 


Saiifraga,  503  (Fig.  324), 

639. 
Saxifragaceee,     501,    508, 

574.  638. 
Saxifragales,  574,  633. 
Saxifragese,  638. 
Scabiosa,  662  (Fig.  463). 
Scandiceee  626. 
Scandix,  626. 
Scapania,  343,  352. 
Scaphospora,  262 
Scarborough  Lily,  567. 
Scarlet-runner,  637. 
Scenedesmus,  236. 
Saheuchzeria,  554. 
Schistostega,355,369.370. 
Schistostegaceae,  370.        < 
Schizaea,  389,  406. 
Schizaeaceae,      379,      331, 

391,  406. 
Schizanthus,  649. 
Schizomycetes,   233,  274, 

280. 
Schizopepon,  516. 
Schizopbyta,  233,  283. 
Scbizostylis,  669. 
Schizymania,  272. 
Schlerochloa,  549. 
Sohcenus,  551. 
Schollera,  656. 
Sciadium,  236. 
Sciadopitvs,  463,  485. 
Scilla,  556. 
Sdlleae,  556. 
S3inaia,  272. 
Scindapsus,  533,  640. 
S  jirpoideae,  492,  65'). 
Scirpus,  551  (Fig   357). 
ScitaminesB,  533,  538,  561. 
Scleranthus,  504,  600. 
Scleroderma,  318, 
SclerodHrmeae,  318. 
SclerotiniesB,  2  '4. 
Scolopendrium,  391,    392 

(Fig   260j,  405. 
Scorpion-grass,  650. 
Scorzonera,  665. 
Scots  Pine,  485. 
Scottish  Asphodel,  567. 
Screw-pine,  542. 
Scropbularia,  645. 
Scrophulariaceee  501,60'), 

575.  644    (Fig.  444), 
645  (Fig.  445). 

Scurvy-grass,  605. 
Sojtellaria  643. 
Scutellarieee,  643. 
Stjytonema,  321, 
ScytonemacesB  233,321. 
Soytonemeee,  233. 
Scytosiphon,  267,  259. 
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Scytosiphonese,  257. 
Sea-blite,  587. 
Sea-buckthorn,  620. 
Sea-bugloss,  650. 
Sea-heath,  609. 
Sea-kale,  605. 
Sea-laveuder,  654. 
Sea-milkwort,  654. 
Sea-purslane,  599. 
Sea-rocket,  605. 
Sebacina,  318,  315. 
Secale,  550. 
Sedge,  552. 
Sedum,     505    (Fig.    318), 

507,  640  (Fig.  442). 
Selaginella,      427       (Fig. 

277),  428  (Fig.  278), 

429  (Fig.  279). 
Selagineliacese,  374,    380, 

426. 
Seligeria,  870. 
Seligeriaceae,  370. 
Sempervivum,  640. 
Seudtnera,  352. 
Senebiera,  605. 
Senecio,  663. 
Senecionidere,  663. 
Sensitive  Plant,  638. 
Sequoia,  466,  485. 
SerapiadesB,  566. 
Serratula,  664. 
Servioe-tree,  635. 
Sepeli,  625. 
Seselinete,  625. 
Sesleria,  549. 
Shaddock,  615. 
Shalot,  558. 
Sheep's-bit,  657. 
Shepherd's  Purse,  605. 
Sherardia,  658. 
Shield  Fern,  405. 
Shortia,  656. 
Sibbaldia.  634. 
Sibthorpia,  645, 
Sideroxylon,  504. 
Silaus,  625. 
Silene,  504,  599. 
SileneiB,  599. 
Siler,  625. 
Siliculosse,  605. 
SiliquosfB,  604. 
Silver  Fir,  484. 
Silver-weed,  634. 
SimarubaceeB,  574,  615. 
Simethip,  658. 
Sinapis,  605. 
Sinningia,  646. 
Siphoblastffi,  291,  292. 
Siphonaceoe,  238. 
Siphouia,  622. 
Siphonocladus,  242. 


Siphonoidese,  235,  238. 
Sirogonium,  245. 
Sirosiphon,  321. 
Sirosiphoneee,  233. 
Sison,  625. 
Sistostrema,  316. 
Sisymbriese,  604. 
Sisymbrium,  604. 
Sisyrinohinfe,  569. 
Sisyrinchium,  569. 
Sium,  625. 
Skullcap,  643. 
Sloe,  633. 
Small  Keed,  548. 
SmilacoideaB,  559. 
Smilax,  536,  559. 
Smut,  273,  303,  308. 
Srayrnieee,  626. 
Smyrniuni,  626. 
Snake's  Head,  556. 
Snapdragon.  644. 
Snowberry,  660. 
Snowdrop,  567. 
Snowdrop-tree,  653. 
Soaprwort,  599. 
Solanacese,  575,  648. 
Solaneae,  649. 
Solanum,  649. 
Soldanella,  653. 
Sohdago,  663. 
Solomon's  Seal,  558. 
Sonchus,  665. 
Sophorere,  636. 
Sorastrum,  242. 
Sorbus,  634. 
Sordaria,  276,  301. 
Sorophorete,  285. 
Sorrel,  598, 
Sow-bread,  653. 
Sow-thistle,  665. 
Spadicifloree,  538,  539. 
Spanish  Chestnut,  583. 
Spanish  Iris,  569. 
Sparassis,  315. 
Sparaxis,  569. 
Sparganium,  542. 
Spartiua,  549. 
Spearwort,  593. 
Specularia,  657. 
Speedwell,  645. 
Spelt,  550. 
Spergula,  503  fFig.  317), 

599. 
Spergularia,  599. 
Spermaphyta,  431. 
Spermatochnese,  257. 
Sperraatochnus,  257.  259. 
Spermothamnion,270(Fig. 

195),  272. 
Sphacelaria,  257,  259. 
Sphacelarieee,  257,  259. 


Sphaerella,  301. 
SpheBriaceoB,  301. 
Sphserita,  286. 
Sphserobolus,  818. 
Sphffirocarpus,    330    (Fig. 

238),  343,  351. 
Spheerococcacese,  272. 
Sphaerococcus,  272. 
Sphserophorufs,  322. 
Sphssroplea,  241. 
Sphoeropleee,  241. 
Sphagnaceae,    328,    330, 

363. 
Sphagnum,  364  (Figs.  247, 

248). 
Spider  Orchis,  566. 
Spilonema,  321. 
Spinach,  587. 
Spinacia,  587. 
Spindle-tree,  618. 
Spiraea,  632. 
SpirtEese,  632. 
Spirantheee,  566. 
Spiranthes,  567. 
Spirillum,  281  (Fig.  196). 
Spirochsete,  281. 
Spirogyra,  245  (Fig.  175). 
Spirolobeee,  604. 
Splachnaceee.  370. 
Splachnum,  356,  370. 
Sporangiophorse,  289. 
Sporochneffi,  257,  259. 
Sporochnus,  257. 
Sporochytrieee,  286. 
Sporodinia,  289. 
Spring  Snovvflake,  567. 
Spruce  Fir,  484. 
Spurge,  622. 
Spurrey,  599. 
Squamariaceffi,  269,272. 
Squinancy-wort,  658. 
Staehydeae.  643. 
Stach^s,  643. 
Stangeria,  465,  481. 
Stapelia,  652. 
Staphylea,  618. 
Staphyleaceae,  574,  618. 
Star  Anise,  594. 
Star  Daffodil,  568. 
Star-fruit,  555. 
Star-grass,  559. 
Star  of  Bethlehem,  556. 
Statice,  654. 
Staurastrum.  244. 
Stegocarpae,  361,  368. 
Stellaria,  509,  599. 
Stellatae,  658. 
Stemouitis,  285. 
Stenolobeae,  621. 
Stephanosphaera,  237. 
Sterculiaceae,  573,  610. 
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Sterculieee,  611. 
Stereum,  310. 
Sternbergia,  567. 
Sticta,    320.     322    (Figs. 

229,  230). 
Stictyosiphon,  2-57. 
Stigeoclonium,  247. 
Stilophora,  257. 
Stilophorese,  257. 
Stinging  Nettle,  577. 
Stipa,  545,  548. 
Stitch-wort,  599. 
St.  Dabeoc's  Heath,  655. 
St.  John's  Wort,  608. 
Stocks,  601. 
Stone  Pine,  485. 
Stork's- bill,  612. 
Strap-wort,  600. 
Stratioteae,  560. 
Stratiotes,  560. 
Strawberry,  634. 
Strawberry-tree,  655. 
Strebloneina,  257. 
Strelitzia,  561. 
Streptocarpus,  640. 
Streptosolen,  649. 
Striaria,  257,  259. 
Striarieee,  257. 
Strobns,  485. 
Struvea,  242. 
Strychnos,  651. 
Sturmia,  567. 
Stylidium,  518. 
Stypocaalon,    224    (Fig. 

160),  257. 
Styraceas,  575,  653. 
Styrax,  653. 
Sua3da,  587. 
Subularia,  605. 
Succisa,  661. 
Susjar-cane,  54S. 
Sugar  Pine,  485. 
Sumach,  618. 
Summer  Savory,  642. 
Summer  Soowflake,  567. 
Sundew,  608. 
Sunflower,  664. 
Sweet  Basil,  642. 
Sweet  Bay,  596. 
Sweet  Briar.  632. 
Sweet  Flag,  510. 
Sweet  Orange,  615. 
Sweet  Potato,  647. 
Swietenia,  615. 
Sycamore,  616. 
Sychnosepalum,  502,  595. 
Symphoricarpus,  660. 
Sympliyogyua,  345,  351. 
Symphytum.  650. 
Syraplocarpus,  533,  610. 
Syncephalis,  289. 


Synchytrium,  286. 
Syngeneticee,  257. 
Syringa,  652. 
Syringeae,  652. 

Tacamahaca,  586. 
Taccaceee.  538,  560. 
Tffida,  485. 
Tagetes,  664. 
Tamaricaceaj,  573,  609. 
Tamarindus,  6:^7. 
Tamarisk.  609. 
Tamarix,  609. 
Tamus,  560. 
Tanacetum,  663  (Fig.  466), 

664. 
Tansy,  661. 
Taouia,  263. 
Tapioca,  622. 
Taraxacum,  663  (Fig.  466), 

665. 
Targiouia,  336,  342. 
Targioniae,  342. 
Tassel  Poudweed,  554. 
Taxeae,  467,  487. 
Taxodineee,  466,  485. 
Taxodinm,  463,  486. 
Taxoideffi,  467,  482, 487. 
Taxus,    463,      487     (Fig. 

303). 
TaTloria,  370. 
Tea,  609. 
Teak-tree,  643. 
Teazle,  661. 
Tecoma,  646. 
Tectona,  643. 
Teesdalia,  605. 
Telegraph-plant,  637. 
Tenagocharis,  555. 
Ternstroemia.  496. 
Terustrcemiaceae,  573, 609. 
Tesselina,  342. 
Tetraphis,  370. 
Tetraspora,  236. 
Tetrodontium,  370. 
Tetroncium.  554. 
Teucriura,  643. 
ThalamifloraB.  573,  591. 
Thalictrum,  591. 
Thallophyta,  217.  220. 
Thamnidium,  289. 
Thea,  60!). 
Thelephora,  316. 
Thelephoreaj,  312,  316. 
Thelidium,  321. 
Theobroma,  611. 
Theophrasta,  654. 
Thermopsis,  636. 
Thesinm,  589,  590  (Fig. 

395). 
Thistle,  664. 


Thlaspi,   603    (Fig.   407), 

6C5. 
Thlaspideae,  605. 
Thorn-apple,  649. 
Thrift,  654. 
Thuidiaceae,  371. 
Thuidium,  356,  371. 
Thuja,      463,    486     (Fig. 

303). 
Thujopsis,  486. 
ThujopsidiuaB,  486. 
Thunbergia,  646. 
Thyme,  642. 
Thymelaaaceae,  513,  574, 

619. 
Thymus,  642. 
Tiarella,  639. 
Tiger  Flower,  569. 
Tiger  lily,  556. 
Tigridia,  669. 
Tigridinae,  569. 
Tilia,  610  (Fig.  412). 
Tiliaceae,  573,  609. 
Tillaea,  640. 
Tilletia,  308  (Fig.  218). 
Tilopteridaceae,  257,  262. 
Tilopteris,  262. 
Timothy-grass,  548. 
Tmesipteris,  373,  425. 
Toad-flax,  644. 
Toadstool,  310. 
Tobacco-plant,  649. 
Toddalieae,  614. 
Todea,  406. 
Tofieldia,  558. 
Tolypella,  254  (Fig.  182). 
Tolypellopsis,  255. 
Tomato,  649. 
Tomentella,  313. 
Tonka  Bean,  637. 
Tordylium,  626. 
Torilis,  626. 
Torreya,  463,  487. 
Tortula,  370. 
Tradescantia,  512,  550. 
Tragopou:on,  665. 
Trapa,  630. 
Treacle  mustard,  604. 
Tree-fern,  405. 
Tree  of  Heaven.  615. 
Tremella,  312  (Fig.  220). 
Tremellinere,  312,  316. 
Trentepohlia,  248,  321. 
Trichocolea,  344,  352. 
Trichomanes,     373,     389 

(Fig.  257),  404.^ 
Tricbomanoidere,  352. 
Trichonema,  568. 
Trichosphaeria,  302. 
Tricbostomum,  370. 
Tricycla,  588. 
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Trientalis,  654. 
TrifoliesB,  636. 
Trifolium,  636. 
Triglochin,  554  (Fig.  359). 
Trigonella,  636. 
Trillium,  559. 
Trinia,  625. 
Triphragmium,  307. 
Triticum,   535  (Fig.  346), 

550. 
Tritonia,  569. 
Troilius,  496,  519,  593. 
Tropssolaceas,  574,  614. 
TropaBolum,513  (Fig. 328), 

614. 
Truffle,  301. 
Tsuga,  466,  484. 
Tuberaceae,  301. 
Tubuliflorse,  662. 
Tuburcinia,  308. 
Tulip,  556. 
Tulipa,  556. 
Tulipese,  556. 
Tulip-tree,  594. 
Tulostoma,  313,  317,  319. 
Turk's  Cap  Lily,  556. 
Turmeric,  562. 
Turnip,  605. 
Tussilago,  664. 
Tutsans,  608. 
Twayblade,  567. 
Typha,  542. 

Typbacese,  537,  538,  542. 
Typhula,  275,  316. 

Udotfa,  240. 
Ulex,  636. 
Ulmaceas,  573,  579. 
Ulmus,  579  (Fig.  381). 
Ulocolla,  313. 
Ulothricacese,  243,  246. 
XJlotbrix,  247  (Figs.   176, 

177). 
Ulva,  248. 
UlvBceffi,  243,  248. 
Umbellales,  574,  623. 
Umbellifera3,491,508,  570, 

674,  624. 
Umbilicaria,  322. 
Umbraculum,  345,  351. 
Umbrella  Pine,  485. 
Uncinula,  299  (Fig.  209). 
Urediuece,  303,   305  (Fig. 

215),  310. 
Uredo,  308. 
XJrocystis,  310. 
Uromyces,  307. 
Uromycopsis,  307. 
Urospora,  241. 
Urtica,  502, 677  (Figs.  377, 

378). 


Urticacese,  673,  577. 
Urticales.  572,  573,  676. 
Usnea,  323  (Fig.  230). 
Ustilagineee,  287, 303,  308. 
Ustilago,  309  (Fig.  218). 
Utricularia,  647  (Fig  447). 
Uvularia,  657. 

VacciniacesB,  575,  656. 
Vaccinium,  617  (Fig.  332), 

655  (Fig.  455),  (56. 
Valerian,  660  (Fig.  462). 
Valeriana,  512,  660. 
Valerianacete,    512,    575, 

660. 
Valerianella,  492,  661. 
Valisneria,  515,  5C0. 
Valisneriese,  560. 
Vallota,  567. 
Valonia,  242. 
Valonifse,  242. 
Vampyrellese,  285. 
Vanda,  567. 
Vanilla.  567. 

Vascular  Cryptogams,  372, 
Vaucheria,  239  (Fig.  169). 
Vaucherieee,  240. 
Venus' Flytrap,  608. 
Venus*  Looking-glass,  657. 
Veratrum,  515,  557. 
Verbascum,  644. 
Verbena,  643. 
Verbenacese,  575,  643. 
Vernal  grass,  548. 
Veronica,  506,  644  (Figs. 

444,  445). 
Verrucaria,  320. 
Verrucarieffi,  321,  323. 
Vervain,  643. 
Vetch,  637. 
Viburnum,  659. 
Vicia,  511  (Fig.  327),  571 

(Fig.  374),  637. 
Vicieae,  637. 
Victoria,  594. 
Vidalia,  272. 
Villarsia,  651. 
Vinca,  509  (Fig.  324),  526, 

651. 
Viola,  517,  606  (Fig.  409). 
Violaceffi,  524,  573,  606. 
Violet,  606. 
Viper's  Bugloss,  650. 
Virgilia,  636. 
Virginian  Creeper,  619. 
Viscaria,  503  (Fig.  317). 
Viscum,    515,    590    (Fig. 

396). 
Vitex,  643. 

Vitis,  526,  619  (Fig.  422). 
Vittaria,  401. 


Voitia,  368. 
VoitiacesB,  368. 
Volvaria,  317. 
Volvocacese,  237. 
Volvocoideae.  235,  237. 
Volvox,  238  (Fig.  168). 

Wahlenbergia,  657. 
Wall-flower,  604. 
Wall  Pellitory,  577. 
Wall-Kup,  405. 
Walnut,  584. 
Water-Cbestnut,  630. 
Water-cress,  604. 
Water  Crowfoot,  592. 
Water-Hemlock,  626. 
Water-Lily,  594. 
Water  Lobelia,  658. 
Water  Melon,  628. 
Water-Milfoil,  630. 
Water-Pepper,  609. 
Water  Plantain,  554. 
Water-Purslane,  631. 
Water-Soldier,  560. 
Water-Violet,  654. 
Waterwort,  609. 
Watsonia,  569. 
Watsoniese,  569. 
Waxflower,  652. 
Webera,  370. 
Weeping  Willow,  585. 
Weigelia,  660. 
Weisia,  370. 
Weisiacese,  370. 
Wellingtonia,  485. 
Welwitscbia,  463,  488. 
Weymouth  Pine,  485. 
Wheat,  635  (Fig.  346),  546 

(Fig.  355). 
Whin,  636. 
White  Beam,  635. 
White  Poplar,  5l;'5. 
White  Spruce,  484. 
White  Thorn,  634. 
Whitlow-grass,  605. 
Whortleberry,  656. 
Wild  Balsam,  614. 
Wild  Garlic,  558. 
Wild  Oats,  549. 
Wild  Parsnip,  626. 
Wild  Plum,  633. 
Wild  Kosemary,  655. 
Wild  Sage,  6i3. 
Willow,  585. 
Willow  Herb,  629. 
Winter  Aconite,  593. 
Winter  Cberry.  649. 
Winter-green,  655. 
Wistaria,  637. 
Witch-hazel,  641. 
Woad,  605. 
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Wolffia,  511. 
Wolf's-bane,  593. 
Wood  Germander,  613. 
Wood  Lily,  559. 
Woodruff,  658. 
Woodsia,  391,  405. 
Wood-sorrel,  613. 
Woody  Nightshade,  649. 
Wormwood,  664. 
Woundwort,  643. 
Wrangelia,  271,  272. 
Wych  Elm,  579. 

Xanthorrsea,  558. 
Xenodochus,  307. 
Xiphion,  569. 
Xylaria,  276,  301. 
Xylophylla,  622. 
Xyridaceee,  638,  555. 


Xyris,  556. 

Yam,  560. 

Yarrow,  664. 

Yeast,  273,  300  (Fig.  210). 

Yellow  Flag,  569. 

Yellow  Loosestrife,  651. 

Yellow     Monkey-flower, 

644. 
Yellow  Rocket,  604. 
Yellow  Welsh  Poppy,  601. 
Yew,  487. 
Yucca,  535,  558. 

Zamia,  481. 
Zanardinia,  257,  261. 
Zannichellia,  553. 
Zannichelliese,  553. 
Zantedeechia,  541. 


Zanthoxyleae,  614. 
Zanthoxylum,  614. 
Zea,  515,536  (Fig.  347),  547. 
Zephyranthes,  567. 
Zingiber,  562. 
Ziugiberactee,  538,  562. 
Zingibereee,  562. 
Zmnia,  664. 
Zonaria,  263. 
Zostera,  515,  553. 
Zostereae,  553. 
Zygnema,  215  (Fig.  174). 
ZygnemeeB,  244. 
Zygodon,  370. 
Zygogonium,  216. 
Zygomycetes,    275,     280, 

285. 
ZygophyllacecB,   503,  574, 

614. 
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Abietic  anhydride,  709. 
Absorption,  667,  668,  692. 

law  of,  693. 

of  gases,  695. 

of  liquids,  693. 
Accumbeut,  604. 
Acheue,  530. 
Achlamydeous,  512. 
Acicular,  463. 
Acids,  organic,  708,  728. 
Acrocarpous,  356. 
Acropetal  development   of  members, 

23,  45,  52,  62,  497. 
Acropetal  development  of  tissue,  177. 
Acrotonous.  564. 
Actinomorphic  symmetry,  507. 
Acuminate,  54. 
Acute,  54. 

Acyclic  flower,  496  (Fig.  311),  592. 
Adhesion,  36,  518. 
Adnate,  516. 
Adventitious  members,  19, 21, 189, 223, 

396. 
.^cidiospore,  305. 
iEcidium,  276,  303  (Fig.  214). 
Aerial  roots,  63,  158,  209,  682. 
.^Istivation,  59. 
Agamogenic,  771. 
Air-bladders,  266. 
Air-cavity,  156  (Fig.  120),  165. 
Air-chamber,  130,  165,  338  (Fig.  241). 
AIbb,  617  (Fig.  419),  635  (Fig.  435). 
Albuminates.  707. 
Albumins,  707. 
Albuminous  seed,  458. 


Albumoses,  707. 

Alburnum.  199,  677. 

Aleuron,  112  (Figs.  68,  69),  459,  707, 

727. 
Aldehydes,  708. 
Alkaloids,  707,  728. 
Allylic  isothiocyanate,  709. 
Alternation    of    generations,    3,   217, 

2i0,  230,  289,  324,  372,  431. 
Aluminium,  710. 
Ambisporangiate  flower,  77,  432,  494, 

515. 
Amentum,  493,  579. 
Amides,  707,  720,  725,  727. 
Ammonia,  712,  721. 
Amoeboid  movement,  69,  283. 

stage,  283. 
Amphigastria,  64,  334. 
Amphithecium,  189,   331   (Fig.   239), 

360. 
Amplexicaul,  47. 
Amygdalin,  708,  724. 
Am^lin,  708. 
Amylolytic  enzyme,  724. 
Amyloplastic,  98. 
Amyioses,  708. 
Anabolism,  667,  669,  716. 
Anaerobia,  723. 
Analogous,  2. 
Anatomy,  89. 

Anatropous  ovule,  437  (Fig.  284). 
Andrcecium,  494,  516. 
Aiidrogynous,  338. 
Androphyte,  3. 
Androspore,  249. 
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Anemophilous,  453,  471. 
Angiocarpous  gonidiophore,  312. 
Angustiseptal  silicula,  604  (Fig.  407). 
Annual  plants,  461. 

rings,  197  {Fig.  149),  207. 
shoots,  b9. 
Annular  vessels,  104  (Fig.  58). 
Annulus.  310  (Fig.  222),  368  (Fig.  251), 

393  (Fig.  258). 
Anterior,  499. 
Anthela,  493. 

Anther,  432  (Fig.  281),  516. 
Antheridial  cell,  448  (Fig.  289). 
Antheridiophore,  84,  337,  363,  376. 
Antheridium,  3,  83,  189  ;  229,  235,  238 

(Figs.  168,  169),  248  (Figs.  178, 

179),  253  (Fig.  181),  266  (Fig. 

191),  268  (Figs.   194.  195)  :  326 

(Figs.  233,  234) :  376  (Fig.  266), 

413  (Fig.  270)  :  450. 
Anthocyanin,  114. 
Anthophore,  494,  599  (Fig.  403). 
Anticlinal,  145. 
Autipetalous,  498. 
Antipodal  cells,  451  (Fig.  292). 
Antisepalous,  498. 
Apex,  7,  17. 
Apical  cell,  18  (Figs.  7,  8),  147  (Figs. 

112,  113,  114). 
Aplanogamete,  225,  256,  291. 
Apocarpous,  521,  529  (Fig.  340). 
Apogamy,  87,  378,  768,  772. 
Apophysis  of  Moss-capsule,  361. 

of  Pinus,  485. 
Apospory,  87,  363,  378,  768,  772. 
Apostrophe,  686  (Fig.  469). 
Apothecium,  299. 
Apposition,  growth  by.  762. 
Aqueous  tissue,  161,  164. 
Archegoniophore,  84,  337   (Fig.  240), 

363,  376,  402.  414. 
Arcbegonium,  3, 83, 2 18 ;  326  (Fig. 235) ; 

376,  400  (Fig.  267),  415  (Fig. 

270) ;  452,  476  (Figs.  301,  302). 
Archesporium,  73,  189,  331,  360,  393, 

433,  437. 
Archicarp,  83,  220,  276,  296  (Fig.  207). 
Aril  (or  arillns),  459,  470,  437  (Fig. 

308).  594,  596  (Fig.  401),  621. 
Arillode,  459,  618. 
Arista,  546. 

Arrangement  of  lateral  members,  23. 
Ascidium,  57  (Fig.  37),  607  (Fig.  41U), 

690. 
Ascocarp,  75,  88,  275,  294  (Figs.  206, 

209,  211). 
Ascogenous  hypbee,  299  (Fig.  211). 
Ascogonium,  277,  296  (Figs.  208,  211). 
Ascospore,  278,  298  (Figs.  209,  211). 
Ascus,  88,   278,  298   (Figs.  206,  209, 

211). 


Asexual  formation  of  spores,  69,  769. 

reproductive  cells,  2,  68. 

reproductive  organs,  70. 
Ash,  694,  709. 
Asparagin,  707,  724,  727. 
Assimilation,  667,  674,  716. 
Asymmetry,  13,  512  (Fig.  328). 
Auricula,  347  (Fig.  245). 
Auriculate,  48  (Fig.  29). 
AutoeciouB,  307. 
Automatism,  667,  670. 
Autumn-wood,  198  (Fig.  150). 
Auxospore,  258. 
Awn,  461,  546  (Fig.  .'?55),  612. 
Axial  cylinder,  171,  682. 
Axial  placentation,  525. 
Axil,  31. 

Axillary  branching,  31. 
Axile  placentation,  524  (Fig.  338).     , 
Axis,  7,  2:^,  27  (Fig.  15). 
Azygospore,  246,  288,  290,  771. 

Bacca,  532. 

Bacterioids,  713. 

Balsam,  138. 

Bark,  211  (Fig.  156). 

Basal  wall,  15,  329,  340,  360,  372,  383, 

397,  419,  424,  429,  442. 
Base  7. 
Basidiogonidium,  278,  312  (Figs.  219, 

220,  223). 
Basidiura,  311  (Figs.  219,  220,  223). 
Basitixed  anther,  516. 
Basipetal  development,  23. 
Basitonous,  564. 
Bast,  170  (Fig.  133),  181,  199. 

hard,  199. 

soft,  199. 
Bastard,  457. 

Bast-fibres,  133,  181,  199  (Fig.  148). 
Benzoic  aldehyde,  709. 
Berry,  532. 

Biciliate  cells,  102,  326,  380. 
Biennial  plants,  462. 
Bifurcation,  33. 
Bijugate,  52,  407. 
Bilabiate,  511,  641. 
Bilateral  symmetry,  8. 
Bilocular  anther,  519. 
Bipinuate,  52. 
Biseriate  perianth,  512. 
Bisexual,  87. 
Biternate,  53. 
Blade  of  leaf,  45,  49. 
Bleeding,  701. 
Bloom  on  plants,  155. 
Body,  1,  89. 

septate    or    unseptate,    89,    220, 
222,  273. 
Bordered  pits,  104  (Figs.  62,  63),  129 
(Fig.  88),  204. 


MORPHOLOGY,    ANATOMY,    AND    PHYSIOLOGY. 


807 


Bostrychoid  dichotomy,  33  (Fig.  18). 
Bostryx,  36,  492. 
Bract,  59,  79,  493. 

function  of,  691. 
Bracteole,  79,  493. 
Branches,  adventitious,  21,  190,  345. 

development  of,  184,  186. 
Branching.  5. 

axillary,  31. 

dichotomous,  19  (Fig.  8),  33. 

extra-axillary,  31. 

lateral,  19,  34. 

of  leaf,  51,  186. 

of  root.  62,  186  (Fig.  142). 

of  shoot,  31,  181. 
Branch-systems,  32  (Figs.  18, 19,  20). 
Bromine,  716. 
Bud,  20  (Fig.  9),  31,  59. 

adventitious,  190. 
Budding,  767. 
Bad-scales,  20,  59. 
Bulb,  40  (Fig.  22),  68. 
Bulbil,  40,  68,  254,  355,  425. 
Bundle,  vascular,  170. 

bicollateral,  175. 

cauline,  171. 

closed,  177. 

collateral,  174. 

common,  171. 

concentric,  173,  175  (Fig.  134). 

conjoint,  170. 

cortical,  173. 

medullary,  173. 

open,  177. 

phloem-,  137,  173,  175. 

xylem-,  175. 

longitudinal  course  of,  171. 

structure  of,  180. 

termination  of,  183. 
Bundle-sheath  (endodermis),  182  (Fig. 

139). 
Bursicula,  565. 

Calcium,  714. 

carbonate,  108,  729. 

oxalate.  108  (Fig.  65),  113  (Figs. 

71.  72) :  primary  and  secondary, 

729. 
Callus,  21,  190,  214  (Fig.  158). 

of  sieve-tubes,  136  (Figs.  97,  99). 
Calyculus  (epicalyx),  496. 
Calyptra.  88,  323  (Fig.  237),  333,  362, 

364  (Fig.  248),  371  (Fig.  254), 

425. 
Calyx   79  494. 
Cambium,  177,    181    (Fig.   1.^9),   191 

(Figs.  143,  145),  194,  198  (Fig. 

149),  202. 
Cambium-ring,  191  (Pig.  144),  200,  204. 
Carapanulate,  514. 
Campylotropous  ovule,  437  (Fig.  234). 


Cane-sugar,  708,  724,  727. 
Caoutchouc,  709. 
Capillitium,  284  (Fig.  198),  319. 
Capitate  hairs,  64. 
Capitulate  raceme,  491. 
Capitulum  of  Charoidese,  252. 

inflorescence,  490  (Fig.  309),  661 

(Fig.  466). 
Capsule    of  Bryophyta,  71,  329,  334, 

360  (Figs.  248-254). 
Capsule,  a  fruit,  531  (Figs.  342,  313). 
Carbohydrates,  708,  727. 
Carbon,  710. 
Carbonaceous  food,  273. 
Carbon  dioxide,  absorption  of,  710,  716. 

evolution  of,  725,  726,  728. 
Carcerule,  530,532.  611  (Fig.  413). 
Carina,  635  (Fig.  435). 
Carinal  cavity,  153,  418  (Fig.  273). 
Carnivorous  plants,  689,  710,  729. 
Carpel,  78,  432,  468,  521. 
Carpellary  flower,  432,  515. 
Carpoganiy,  225,  275. 
Carpogonium,  228,  268  (Fig.  194). 
Carpophore,  523  (Fig.  341). 
Carposporangium,  88,  230,  269  (Figs. 

194,  195). 
Carpospore,  69,  229,  267,  271. 
Caruncle,  460,  621. 
Caryopsis,  530,  5t5. 
Catabolism,  667,  669,  721. 
Cataphvllary  leaves  (Cataphylls),  58, 

373,  417,  691. 
Catkin,  493,  581  (Figs.  384-389). 
Caudicle,  564. 
Caulicle,  412. 

Cauline  vascular  bundles,  171, 206, 683. 
Cell,  4,  89,  93  (Fig.  46). 
Cell-contents,  108. 
Cell-division,  119  (Fig.  78). 
Cell-formation,  114  (Figs.  74-85). 
Cell-plate,  123  (Figs.  81-83). 
Cell-sap,  93,  113. 
Cell-wall,  90,  98,  103.  105. 

growth  of,  103,  762. 
Cellular  structure,  90. 
Cellulose,  93,  103,  106,  703,  727. 
Centrosome,  97. 
Centrosphere,  95,  97  (Fig.  49). 
Chalaza,  436  (Fig.  284).  528. 
Cbalazogamic  fertilisation,  528. 
Chalk.glands,  137  (Fig.  100),  730. 
Chambered  fibres,  133. 

ovary,  522  (Fig.  336). 
Chemical  composition  of  plants.  706. 
Chemical  effects  of  light,  673,  717. 
Chemiotaxis,  755,  774. 
ChUmydogonidium,  274,  289,  313. 
Chlorine,  713. 
Chlorophyll,  97. 
-corpuscle,  100. 
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Chlorophyll,  development  of,  673. 

function  of,  717. 

-spectrum  of,  717. 
Chloroplastids,  97  (Fi<,s.  50,  52,  53). 

functions  of,  98. 

movements  of,  686  (Fig.  469). 
Chloroplastin,  97. 
Chlorotic,  713. 
Chromatin,  96. 

Chromatophore,  97  (Fig'.  54,  55). 
Chromoplastid,  97,  101  (Fig.  56). 
Chromosomes,  119,  771,  781. 
Cincinnal  dichotomy,  33. 
Cincinnus,  36,  492. 
Cihum,  69,   102,  115   (Figs.   74,  75), 

736. 
Circinate  vernation,  60,  390,  480,  742. 
Circulation  of  protoplasm,  733. 
Citric  acid,  708. 
Classification,  216. 
Claw,  514  (Fig.  330). 
Cleistogamous  flowers,  453,  607,  613. 
Cleistothecium,  299  (Fig.  209). 
Climbing  plants,  43,  685,  743,  759. 
Clinostat,  752,  700. 
Closed  vascular  bundles,  177. 
Cobalt,  710. 
Coccus,  529,  611,  621. 
Coenobium,  92,  222,  243. 
Coenocyte,  69,  90,  99  (Big.  53),  142. 
Cohesion,  36  (F  g.  21),  514,  518,  521. 
Coleoptile,  535  (Fig.  346). 
Coleorhiza,  446,  535  (Fig.  346). 
Collateral  vascular  bundles,  173  (Fig. 

133). 
Collenchyma,  132  (Fig.  91),  160. 
Colleter,  144,  691. 
Colony,  222. 
Colouring-matters,  708. 
Columella,   284,  331,  361   (Figs.  251, 

253). 
Column,  495. 

Combined  effects  of  stimuli,  757. 
Common  bundles,  171,  206. 
Companion-cell,  137  (Fig.  97),  679. 
Compabs-plants,  749. 
Compound  inflorescences,  490,  492. 
Compound  leaves,  52. 
Concentric   arrangement   of  bundles, 

175  (Fig.  134). 
Conceptacle,  85,  264,  (Figs.  189,  190). 
Conditions  of  movement,  760. 
Conducting  tissue  of  style,  523. 

-sheath,  7"05. 
Conduplicate  vernation.  60,  407,  742. 
Cone,   77,    417,   422,   427,    467,   482 

(Figs.  304,  305). 
Conical  root,  63. 
Coniferin,  708. 
Coniin,  707. 
Conjoint  bundle,  170. 


Conjugation,   80,   118   (Fig.   76),   237 
(Fig.  167),  244  (Fig.  173),  215 
(Fig.  175). 
Conjunctive  tissue,  151,  166,  200. 
Connate,  48  (Fig.  29). 
Connective,  516. 
Contact-stimuli,  742. 
Contorted  vernation,  60. 
Contractile  vacuoles,  736. 
Contraction  of  protoplasm,  764. 
Convolute  vernation,  60,  742. 
Copper,  716. 
Cordate,  54. 
Cork,  210  (Fig.  155). 
Corm,  40,  68. 
Cormophyte,  5. 
Corolla,  79,  494. 
Corona,  66,  515. 

of  Characese,  252. 
Cortex,  159,  207,  213. 
Corymb,  493. 
Costee,  624. 

Cotjledon,  16,  45,  57,  372,  444  (Figs. 
286,  287),  475  (Fig.  300),  533, 
570  (Fig.  374). 
Crenate,  54. 
Cross-fertilisation,  774. 
Cross-pollination,  453. 
Cruciate  tetragonidia,  267. 
Crystalloids,  111  (Fig.  68),  707. 
Crystals,  108  (Fig.  ^o),  113  (Figs.  71, 

72). 
Culm,  44. 

Cupule,  66,  328,  337  (Fig.  240),  340, 
360. 

of  Phanerogams,  528,  583  (Figs. 
387,  388). 
Cuticle,  155. 

Cuticularisation  of  cell-wall,  106,  132. 
Cutin,  106. 
Cyathium,  622. 
Cycle,  26. 
Cyclic  flower,  496. 
C>closis,  251,  732. 
Cyme,  492. 

helicoid,  36,  492. 

scorpioid,  36,  492. 
Cymose  branching,  34  (Fig.  19). 

inflorescence,  492. 
Cvpsela,  530. 
Cystidium,  312  (Fig.  223). 
Cystocarp,  75,  b8,  226,  267  (Fig.  194). 
Cystolith,  108  (Fig.  66),  577,  729. 
C}to-hyaloplasm,  95. 
Cytoplasm,  95,  117. 
Cytoplastin,  95. 

Daily  periodicity  of  growth,  745  (Fig. 

480). 
Day-position,  689. 
Deciduous,  22. 
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Decussate  arrangement  of  leaves,  25. 
Deferred  shoots,  32. 
Definite  iufloresceuces,  492. 
Definitive  nucleus,  451. 
Dehiscence  of  anther,  520. 

of  fruits,  531. 

of  sporangium,  74. 
Dehiscent  fruits,  460,  531. 
Dentate,  54. 

Dermatogen,  146  (Fig.  110),  149,  154. 
Desmogeu,  primary,  151,  176. 

secondary,  202,  203  (Fig.  153). 
Development  of  body,  13. 

of  branches  of  roots,  186. 

of  leaves,  185. 

of  secondary  members,  184. 

of  hairs,  188. 

of  emergences,  188. 

of  reproductive  organs,  188. 

of  adventitious  members,  189. 
Dextrin,  708,  724. 
Dextrose.  724. 
Diadelphous,  518. 
Diageotropism,  685,  688,  751. 
Diagonal  plane  of  flower,  499. 
Diai^ram,  floral,  498. 
Diabeliotropism,  685,  688,  748. 
Diaphragm,  414,  430. 
Diarch  stele,  179,  386,  428. 
Diastase,  724. 
Diastole,  736. 
Dichasial  cyme,  492. 
Dichasium,  35  (Fig.  20),  492. 
Dichlamydeous,  512. 
Dichogamy,  454. 
Dichotomy,  19  (Fig.  8),  33  (Fig.   18), 

184  (Fig.  140). 
Diclinous,  87,  325,  358. 
Dicyclic,  501. 
Didynamous,  518. 
Differentiation  of  tissues,  92, 175, 177, 

202. 
Digestive  sac,  188. 
Digitate,  381. 
Dimorphic  plant,  3. 
Dimorphism,  4.55. 
Dioecious,  86,  325. 
Diplotegium,  531. 
DiplostemoDOus,  501. 
Directive  effect  of  light,  674,  747  (Fig. 
481). 

of  gravity,  751. 
Disc,  526. 

Dissected  leaves,  54. 
Dissemination  of  seed,  460. 
Dissepiment,  522. 

false  or  spurious,  522,  603. 
Dissimilar  secondary  members,  31. 
Dissipation  of  energy,  731. 
Distichous  arrangement,  29  (Fig.  16). 
Distractile  anther,  517  (Fig.  331). 


Distribution  of  water  and  other  sub- 
stances, 700. 
of  organic  plastic  substances,  705. 

Diurnal  and  nocturnal  ptsitions,  689 
(Figs,  470,  471). 

Diurnal  sleep  of  leaves,  669. 

Divergence,  24. 

Dormant  buds,  32. 

Dorsal  suture,  521. 

Dtrsifixed  anther,  517  (Fig.  331. 

Dorsi ventral  arrangement,  29  (Fig.  17). 

Dorsiventralitv,  9  (Fig.  2),  11  (Fig.  3), 
13,  510  (Figs.  326,  327). 

Druble  flowers,  502. 

Drepanium,  36,  492. 

Drupe,  532  (Fig.  344). 

Drupel,  532. 

Duct,  139. 

Duplication,  501. 

Duramen,  199,  677. 

Dwarf-males,  249  (Fig.  178). 

Dwarf  shoots,  39. 

Ectoplasm,  95. 

Egg-apparatus,  451  (Fig.  292). 

Elater,  74,  331,  418. 

Eleruentary  constituents  of   the  food 
of  plants,  710. 

Eleutheropetalous,  514. 

Eleutherophyllous,  514. 

Eleutherosepalous,  514. 

Emarginate,  54. 

Embryo,  13. 

Embryo- cell,  441. 

Embryogeny,  13. 

heteroblastic,  14,  254,  271. 
holoblastic,  13,  441. 
homoblastic,  13. 
meroblastic,  13,  254,  441,  471. 
of  Bryophyta,  329,  334,  3t;0  :  of 
Charoideee,  254  (Fig.  182):  of 
Gymnosperms,  471  (Figs.  298, 
299)  :     of     Phanerogams,    440 
(Dicotyledons,  Fig.  286;  Mono- 
cotyledons,  Fig.  267) :  of  Pteri- 
dophyta,  372,   397    (Figs.  262, 
263,  264),  412,  423  (Figs.  275, 
276),  429. 

Embryonal  tubes,  472  (Fig.  299). 

Embryonic  branches,  68,  255. 

Embryo-sac,  70, 438  (Figs.285,291,292). 

Emergences,  64,  66,  188. 

Emulsin,  724. 

Enantioblastic,  552. 

Endocarp,  460.  529  (Fig.  341). 

Endodermis,  132,  152,  159,  165  (Fig. 
127),  166  (Figs.  128,  129),  678. 

Endogenous  development,  21, 186, 345. 

Endoperidium,  318. 

Phidoph}  tic,  233. 

Endopleura,  459. 
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Endosperm,  450  (Fig.  291),  451. 

ruminated,  595,  597. 
Endospore,  69,  117,  300. 
Endotbecium,  189,  331,  360. 
Energid,  90,  94,  122. 
Energy,  of  growth,  739. 

absorption  of,  717,  730. 

dissipation  of,  731. 

expenditure  of,  730. 

kinetic,  671,  717,  730. 

potential,  718,  731. 

supply  of,  730. 
Ensiform,  49,  536. 
Entire,  51,  54. 
Entomophilous,  454. 
Enzyme,  669,  722,  724. 
Epibasal  cell,  15,  329,  372. 
Epiblast,  534  (Fig.  346). 
Epiblema,  154,  682. 
Epicalyx,  79,  494,  591. 
Epicarp,  529  (Fig.  344). 
Epicotyl,  446. 
Epidermis,  132  (Fig. 91),  145  (Fig.  109), 

149,  154. 
Epigean  cotyledons,  446. 
Epigynous,  495  (Fig.  310). 
Epinasty,  60,  742  (Fig.  479). 
Epipetalous,  518. 
Epipbragm,  369. 
Epiphyllous,  518. 
Epiplasm,  299,  300,  410. 
Epipodium,  45,  49. 
Episporium  (Epispore),  292,  410. 
Epistrophe,  686  (Fig.  469). 
Equitant,  60. 

Erect  ovule,  525  (Fig.  338). 
Erythropbyll,  114. 
Etffirio,  532. 

Etiolated  plants,  674,  744. 
Etiolin,  673. 
Eucarpic,  286. 
Eucyclic,  500. 
Eugenol,  709. 
Eusporangiate,  73,  375. 
Evolution    of    oxygen     from    water- 
plants,  718  (Fig.  475). 
Exalbuminous  seed,  458. 
Excipulum,  320. 
Excreted  waste  products,  728. 
Excretion,  730. 
Exine,  69,  117,  418. 
Exodermis,  160. 
Exogenous  development,  20. 
Exoperidium,  318. 
Exospore,  69,  117,  300,  365. 
Expansion  of  protoplasm,  764. 
Exstipulate,  47. 
External  conditions,  671. 
Extra-axillary  branching,  31. 
Extra-floral  nectaries,  138,  679. 
Extra-seminal  development,  440,  446. 


Extra-stelar  tissue,  146,  159,  207. 
Extrorse,  520. 
Eye-spot,  102. 

False  dichotomy,  35  (Fig.  20),  184. 

foot,  331,  350,  362. 

fruits,  458,  528. 
Fascicle,  493. 
Fascicular  cambium,  191. 
Fats,  111,  708,  727. 
Fat-enzyme,  724. 
Feeder,  14,  430. 
Female  organ,  83. 

pronucleus,  458. 
Ferment,  organised,  723. 

unorganised,  669,  722,  724. 
Fermentation,  alcoholic,  282,  300,  723. 

butyric,  282. 

lactic,  282. 
Ferrobacteria,  719,  731. 
Fertilisation,  80,  225,  457,  527. 
Fibres,  132. 

chambered,  133. 

woody,  196. 
Fibrous  cells,  133,  196. 

root,  63. 
Fibro  vascular  bundle,  170. 
Filament,  432,  516. 
Filiform  apparatus,  452. 
Filtration  under  pressure,  669,  701. 
Fixed  light-position,  688. 

oils,  708. 
Flagellum,  345. 
Flanks,  9. 
Floral  diagram,  498. 

formula,  500. 

leaves,  59,  494,  691. 
Flower,  42,  76,  431,  467,  494. 

accessory  organs  of,  526. 

ambisporangiate,  77,  515. 

irregular,  510. 

macrosporangiate,  77,  515. 

microsporangiate,  77,  515. 

monosporangiate,  77,  515. 

opening  and  closing  of,  7^4. 

regular,  507. 

reproductive  organs  of,  515. 

symmetry  of,  507. 

phyllotaxv  of,  496. 
Fluorine,  710.' 

Foliage-leaves,  56,  162  (Fig.  125),  685. 
Follicle,  531. 
Food-bodies,  679. 
Food  of  plants,  710. 
Foot,   14,   330   (Fig.   239),   372   (Fig. 

264). 
Form  of  leaves,  56. 

root,  63. 

stems,  44. 
Forms  of  tissue,  131. 
Formation  of  chlorophyll,  673. 
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Formation  of  tissue  in  consequence  of 

injury,  213. 
Formative  region,  738. 
Fovea,  384  (Fig.  256). 
Foveola,  384. 

Fragmentation  of  nucleus,  96  (Fig.  48). 
Free  cell-formation,  119. 
FreeziDg,  effects  of,  672  (Fig.  467). 
Fruit,  88,  458,  479,  528,  776. 

dehiscence  of,  531. 

dry  dehiscent,  531. 

dry  iudehiscent,  629. 

succulent,  532. 
Frustule,  258  (Fig.  184). 
Function  of  chlorophyll,  717. 
Functions  of  tbe  members,  680. 

of  plants,  666. 

of  the  tissues,  674. 
Fundamental  tissue,  144,  159. 
Funicle,  72,  437. 
Funiculus,  318. 
Fusiform  root,  63. 

Galeate,  641. 

Gallotannin,  708. 

Gametangium,  80,  83,  227,  260  (Fig. 

186).  276. 
Gametes,  2*  80,  225. 
Gametophore,  80,  85  (Fig.   44),  325, 
334,   337   (Fig.  240),  363,  382, 
401. 
Gametophyll,  80,  85,  260  (Fig.  1R6). 
Gametophyte,  2,  69, 171,  217,  220, 279, 

324,  375.  447. 
Gamodesmic,  170. 
Gamogenic,  770. 
Gamopetalous,  514. 
Gamophyllous,  514. 
Gamosepalous,  514. 
Gamostelic,  152. 
Gemmee,  12  (Fig.  4),  67,  274,  340,  378, 

426,  761. 
Gemmation,  67,  125,  274,  289. 
Generations,  alternation  of,  3,  217. 
Genetic  spiral,  26  (Fig.  15). 
Generative  cell,  418  (Fig.  289),  477. 
Genus,  218. 
Geotropism,  751  (Fig.  482). 

negative,  685,  752. 

positive,  682.  752. 
Germination  of  seed,  441. 
Glands,  137,  140  (Fig.  101). 
Glandular  hairs,  143  (Fig.  108). 
Glandular  tissue,  137,  679. 
Glaus,  530. 
Gleba,  317. 

Globoid,  111  (Fig.  68). 
GlobuUn,  112,  707. 
Glochidia,  410. 
Glomernle,  493. 
Glucoses,  708. 


Glucoside,  708. 

Glucoside-enzyme,  724. 

Glume,  493,  545  (Figs.  354,  355). 

Glycerin,  724. 

Glycogen,  299. 

Gonidangium,  70, 122  (Fig.79)  ,230, 277. 

Gonidiophore,  75.  278,  310. 

Gonidium,  3,  69,  75,  220,  229,  277. 

Gonophore,  494,  627. 

Graft-hybrids,  768,  777. 

Grafting,  767. 

Grand  period  of  growth,  738. 

Grape-sugar,  724,  727. 

Ground-tissue,  144,  159. 

Growing-point,  16.  20  (Figs.  8,  9),  146 

(Fig.  110),  150  (Fig.  115). 
Growth,  16,  737. 

in  length,  737. 

in  thickness  of  cell-wall,  103. 

in  thickness  of  stem  and  root,  191. 

of  cell- wall,  103. 

of  leaf,  46. 

of  starch-grains,  109. 

sliding,  203. 
Guard-cplls  of  stomata,  156  (Fig.  119), 

698. 
Gum,  138,  708. 
Gum-resin-ducts,  138. 
Gutta-percha,  709. 
Gymuocarpous  gonidiophore,  312. 
Gynandrosporous,  249. 
Gynandrous,  518,  563. 
Gynaeceum,  494,  521. 
Gynobasic  stvle,  523,  642. 
Gynophore,  495,  605  (Fig.  408),  627. 
Gynophyte,  3. 

Gynostemium,    457   (Fig.   294),   495, 
563,  692. 

Hairs,  23,  64  (Fig.  40),  143  (Fig.  108), 
159  (Fig.  122),  188. 

internal,  133. 
Hapteron,  66,  223. 
Hastate,  54. 
Haulm,  44. 

Haustorium,  66, 188,  274,  711. 
Heart-wood,  199. 
Heat,  influence  of,  671. 

production  of,  731  (Fig.  476). 
Helicoid  cyme,  36,  492. 

dichotomy,  33  (Fig.  18). 
Heliotropism,  674,  747. 

negative,  682. 

positive,  685. 
Hemiangiocarpous,  312. 
Hemicyclic,  496. 
Heredity,  777. 

Hermaphrodite,  87,  432,  515. 
Heteroblastic  embryogenv,  13  (Fig.  5), 

255  (Fig.  183),  263,  271,  324. 
Heterochlamydeous,  512. 
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Heteroclinous,  358. 
Heterocyclic,  500. 
Heterocyst,  232  (Fig.  164). 
Heteroecism,  304. 
Heterogamy,  80,  225,  275. 
Heteromerous  lichen-tballus,  321. 

floral  whorls,  500. 
Heteropliylly,  57,  390,  427,  463,  486 

(Fig.  306). 
Heterosporous,  70,  375,  380,  431. 
Heterostylism,  455. 
Hilum,  437. 

Histological  differentiation,  92. 
Histology,  89. 

of  Gymnospermae,  464. 

of  Phanerogamia,  440. 

of  Pteridophyta,   374,    396,   412, 
418.  422,  426,  428. 

of  the  development  of  secondary 
members,  184. 
Holoblastic  embryogeny,  13,  441. 
Holocarpic,  236,  290. 
Homoblastic  embryogeny,  13. 
Homochlamydeous,  512. 
Homoiomerous  lichen-tballus,  321. 
Homology,  1. 

Homosporous,  70,  375,  380. 
Hook-climbers,  685 
Hormogoniam,  232  (Fig.  165). 
Host,  711. 
Humus,  710. 
Hybrid,  457,  775. 
Hybridisation,  457,  775. 
Hydrogen,  710,  712. 
Hydrotropism,  po^'itive.  683. 
Hymenial  layer.  299,  310. 
Hymenophore,  310, 316  (Figs.  221, 222). 
Hymenium,  310  (Figs.  219,  223). 
Hypha,  92,  273. 
Hypobasal  cell,  15,  329,  372. 
Hypocotyl,  446. 
Hypoderma,  160. 
Hypogean  cotyledons,  446. 
Hypogynous,  495  (Fig.  310). 
Hyponasty,  60,  742. 
Hypophysis.  444. 
Hypopodium,  45. 
Hvpsophylls,  59,  76,  431. 
Hypsophyllary  leaves,  57  (Fig.  36),  59, 
76,  691. 

Ice,  formation  of,  672  (Fig.  467). 

Id,  782. 

Imbibition  theory,  704. 

Imparipinnate,  52  (Fig.  32K 

Incubous  leaves,  346  (Fig.  245). 

Incumbent,  604. 

Indefinite  inflorescences,  490. 

Indehiscent  fruits,  460. 

Indigo,  708. 

Induced  movements,  742. 


ludusium,  72  374,  391. 

inferum.  391. 

laterale,  391. 

superum,  391. 
Inferior  ovary,  495. 
Inflorescence,  76,  431,  490. 
Infundibuliform,  514. 
Initial  cells,  145. 
Innate,  516. 

Innovation,  39,  3";6,  370. 
Innovation-shoot,  36.  43, 
Inorganic  ash  of  plants,  709. 
Inorganic  compounds,  706. 
Insertion  of  leaves,  21. 
Integument.  72. 
Intercalary  growing-point,  17  (Fig.  7), 

22  (Fig   10). 
Intercalary  growth,  223  (Fig.  159),  224, 

(Fig.  160). 
Intercellular  spaces,  130  (Fig.  89). 

lysigenous,  130. 

schizogenous,  130. 

substauce,  128. 
Interfascicular  cambium,  191. 

conjunctive  tissue,  166,  170. 
Internal  hairs,  133. 
Interoode,  21. 
Interruptedly  pinnate,  52. 
Interstitial  growth,  16. 
lutine,  69,  117,  434. 
Intra-seminal  development,  440. 
Intra-stelar  tissue,  151,  166. 
Introrse,  520. 
Intussusception,  762. 
Inulin,  114  (Fig.  73),  703. 
Invert-enzyme,  724. 
Involucel,  491. 
Involucral  leaves,  357. 

scales  33S. 
Involucre,  79,  325,  333,  491  (Fig.  309), 

691. 
Iodine,  716. 
Iron,  713. 
Irregular    spontaneous    variations  in 

rate  of  growth,  739 
Irritabilitv,  667,  670,  742,  755. 

conditions  of,  760. 

localisation  of,  755. 

to  differences  in  the  degree  of 
moisture  in  the  surrounding 
medium  (hydrotropism),  755. 

to  direction  of  incidence  of  the 
rays'of  light  (heliotr.)pisra),747. 

to  mechanical  stimuli,  742. 

to  the  directive  influence  of  gravity 
(geotropism).  751  (Fi«.  482). 

to  variations  in  the  intensity  of 
light,  744. 

to  variations  of  temperature,  743. 
Isobilateral  arrangement,  29. 

symmetry,  8,  508. 
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IsocTclic,  500. 
Isogamy,  80,  225,  275. 
Isoraerous,  500. 

Juga  primaria,  624. 
Juga  secundaria,  625. 

Karyokinesis,  118. 
Kinetic  energy,  668,  730. 
Knight's  machine,  752  (Fig.  483). 
Kinoplasm,  95,  119. 
Kinoplasmic   spindle,  119,    124   (Fig. 
82  j. 

Labelhim,   456   (Fig.  294),   562,    563 

(Fig.  370). 
Leevnlose,  72 i. 
Lamella,  310  (Fig.  219). 
Lamioa,  45,  49. 
Lanceolate.  54. 
Latent  period,  757. 
Lateral  branching,  19,  34. 

buds,  20. 

members,    development    of,    185 
(Fig.  141). 

plane  of  flower,  499. 
Latex,  141,  680. 

Laticiferous    ccenocytes    (cells),     142 
(Figs.  106,  107). 

tissue,  functions  of,  680. 

vessels,  141  (Fig.  105). 
Latiseptal  silicula,  604  (Fig.  407). 
Law  of  absorption,  693. 

of  cambial  division,  193. 
Leaf,  5,  6,  45  (Figs.  27-31). 

apex  of,  54. 

-base,  45.  54. 

-blade,  45,  49. 

cataphyllary,  58. 

compound,  52. 

coriaceous,  66. 

epipodium,  45,  49. 

fall  of,  23,  56. 

floral.  59. 

functions  of,  685. 

form  of,  56. 

herbaceous,  56. 

hypopodium,  45. 

margin  of,  54. 

hypsophyllary,  59. 

mesopodium,  45,  48. 

minute  fitructure  of,  163  (Fig.  125), 
164  (Fig.  126),  685. 

oblique,  49. 

outline  of.  54. 

phyllopodinra.  45. 

pitchered,  57  (Fig.  87),  607  (Fig. 
410),  640,  690. 

prefloration,  60. 

primordial,  45, 

-scar,  23. 


Leaf,  segmentation  of,  53  (Fig.  32). 

-spine,  58  (Fig.  38).  690. 

sporophyllary,  59,  70,  76. 

-stalk,  45. 

succulent,  56. 

-tendrils,  49  (Fig.  23),  58, 628, 646. 

-traces,  171. 

venation  of,  54. 

vernation  of,  59. 

-wing,  45. 
Leaflet,  52. 
Leafy  shoot.  5,  38. 

annual,  39. 

creeping,  42. 

dsvarf-,  39. 
Legume,  531. 
Lenticels,  212  (Fig.  157). 
Leptosporangiate,  73,  375. 
Leucin,  707. 

Leucoplastid,  97,  98  (Fig.  51). 
Life-history,  2,  217,  230,  278,  324,  378, 

431. 
Light,  chemical  effects  of,  673. 

mechanical  effects  of,  674. 
Light-position,  688,  748,  759. 
Lignification  of  cell-wall,  107. 
Liguin,  107. 

Ligulate  corolla,  061  (Figs.  464,  466). 
Ligule,  48  (Fig.  28),  66,  384  (Fig.  256), 

427. 
Limb,  515  (Fig.  330). 
Linpar,  54. 
Linin,  96. 
Linolein,  708. 
Lithium,  710,  716. 
Lobed,  52. 

Localisation  of  irritability,  755. 
Loculicidal,  531  (Fig.  343). 
Loculus,  522. 
Lodicule,  545. 
Lomentaceous,  531. 
Lomentiim,  531. 
Longitudinal  axis,  7. 

section,  7. 
Lysigenous,  130,  138. 

Macrosporangiate  flower,  77,  432,  515. 
Macrosporangium,  71,  375,  433,  470, 

489,  524. 
Macrospore,  70,  375,  438,  62'). 
Mar'rosporophyll,  78  375,  432,  521. 
Macrosporophyllary  flower,  78. 
Macrozoogonidium,  226. 
Magnesium,  714. 
Male  organ,  83. 

pronuclenfi,  457. 

reproductive  cells,  81. 
Malic  acid.  708. 
Maltose,  708,  724,  727. 
Mannite,  708. 
Manubrium,  252  (Fig.  181). 


814 


INDEX,    PART    II. 


Marginal  growing-point,  18. 
Massula,  of  AzoUa,  410. 

of  Orchids,  564. 
Mastigop'od-stage,  283. 
Mechanical  effects  of  light,  673. 
Mechanical  work  of  movements,  765. 
Mechanism  of  the  movements,  761. 
Median  plane  of  flower,  499. 
Medulla,  151, 169. 
Medullary  bundles.  173. 

conjunctive  tissue,  166. 

phloem-bundles,  173. 

rays,  152,  167  (Fig.  130),  201 
(Fig.  152). 

sheath,  179. 
Members,  2,  5,  225  (Fig.  162). 
Mericarp,  529  (Fig.  341). 
Meristele,  153,  182. 
Meristem,  131,  145,  204. 
Meroblastic  embryogeny,  13,  441,  471. 
Mesocarp,  529  (Fig.  344). 
Mesophyll,  162,  685. 
Mesopodium,  45,  48. 
Metabolism,  667,  669,  706. 
Metallic  elements  of  food,  710. 
Metaxin,  97. 
Microcysts,  275, 285. 
Micropyle,  436. 

Microsporangiate  flower,  77,  432,  515. 
Microsporangium.  71,  375,  408  (Fig. 

268j,  433,  469,  489,  519. 
Microspore,  70,  375,  434. 
Microsporophyll,  78.  375,  432. 
Microsporophyllary  flower,  78. 
Microzoogonidium,  226. 
Middle  lamella,  129  (Fig.  87),  132. 
Midrib,  51. 
Mineral  matters  in  cell-wall,  108  (Fig. 

65),  695. 
Mitotic  nuclear  division,  97,  118  (Figs. 

77,  78,  81,  82,  83). 
Monadelphous,  518. 
Monarch  bundle,  179. 
Monocarpic  (Fungi),  286,  290. 
Monocarpous,  461. 
Monochlamydeous,  513. 
Monoclinous,  87,  325,  358,  432. 
Monocychc,  501. 
Moncecious,  86,  325,  432. 
Monomerous  ovary,  521. 
Monopodial  branch-system,  34. 
Monopodium,  34. 
Monosiphonous,  259,  267. 
Monosporangiate  flower,  77,  432,  515. 
Monostely,  146,  152. 
Monosymmetrical,  10,  508. 
Morphin,  707. 
Morphology,  1. 

of  adult  shoot  of,  Andre88acece365, 
Anthocerotacete  352,Archidiace£e 
366,      Jungermanniaceee      343, 


Marchantiaceee  336,  Sphagnaceae 
363. 
Morphology  of  Algse,  222. 

of  extra-stelar fundamental  tissue, 

159. 
of    primary  tegumentary  tissue, 

154. 
of  reproductive  organs,  67. 

asexual,  70  ;  of  Angiospermee, 
489 ;  of  Gymnosperm8B,467. 
sexual,  80. 
of-  the   tissue-systems,    144,  151, 

159,  166. 
of  vegetative  organs,  37,  38, 44, 45,  • 
61;  of  Gymnospermse,  463. 
special,  of  members,  37. 
Morphological  differentiation,  2. 
Motile  region,  761. 
Motility  of  protoplasm,  667,  670,  761, 

764. 
Movements,  conditions  of,  760. 
induced,  742. 
mechanism  of,  761. 
of  cellular  m^^mbers,  735,  736. 
of  growth,  737. 
of  protoplasm,  735. 
of  variation,  737. 
spontaneous,  735. 
Mucilage,  708. 

conveision  of  cell- wall  into,  107, 

158. 
secretion  of,  141,  143,  680. 
Mucro,  53  (Fig.  32). 
Mucronate,  54. 
Multijugate,  52. 
Multilateral  arrangement,  26  (Fig.  13). 

symmetry,  8. 
Multilocular  ovary,  522  (Fig.  336), 
Mycelium,  273. 
Mycorhiza,  273,  710. 
Myrmecophilous  plants,  679. 
Myrosin,  708. 
Myronate  of  potash,  708. 
Myxopod-stage,  283. 

Napiform  root,  63. 
Natural  selection,  780. 
Neck-canal-cell,  327  (Fig.  235),  377. 
Nectary,  138,  526,  729. 
Negative  geotropism.  685. 

heliotropism,  682,  750. 

pressure,  699. 
Nicotin,  707. 
Night-position,  689. 
Nitrates,  712. 
Nitrification,  712. 
Nitrobacteria,  712,  719,  731. 
Nitrogen,  710. 
Nitrogenous  organic  substances,  707. 

reserve  material,  727. 
Node,  21,  46. 
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Non-metallic  elements  of  food,  710. 
Non-nitrogenous  organic  substances, 
708. 
reserve  material,  727. 
Nucellus,  430,  520. 
Nuclear  disc.  111)  (Fig.  77). 

division,  direct,  90  (Fig.  48). 

indirect,  97,  118  (Figs. 
77,  78,  82). 
Nucleo-byaloplasm,  95. 
Nucleolus,  93. 

Nucleus,  89,  93,  95,  9G  (Fig.  47>. 
Nut,  530. 

Nutation,  742  (Fig.  478). 
Nutritive    properties    of   protoplasm, 

667. 
Nyctitropic  movements,  089  (Fig.  471). 

Obcordate,  54. 

Obdiplostemonous,  503  (Fig.  317). 
Oblique  leaf,  49. 

plane  of  flower,  499. 
zygoraorpby,  10, 
Obovate,  54. 
Obtuse,  54. 

Ocrea,  48,  597  (Fig.  402). 
Octant-wall,  329,  372. 
Oidium-cells,  274,  289,  313,  707. 
Oil-drops,  111,  459. 
Oils,  fixed,  708. 

volatile,  708. 
Oily  seeds,  112,  459,  725. 
Oleic  acid,  708,  724. 
Olein,  708,  724. 
Oligomerj',  501. 
Oligotaxy,  504. 

Ooblastema-filaments,  270,  299. 
Oogamy,  225,  275. 
Oogonium,  83,  220,  228,  238  (Figs.  1(;8. 

109),  249  (Fig.   178),  253  (Fig. 

181),  2(50  (Fig.  190),  270,   291 

(Fig.  202). 
Oosphere,  3,  81,  110,  225,  205  (Figs. 

190,  191),  277,  320,  377,  452. 
Oospore,  3, 118,225,  275,334,  377, 458. 
Opening  and  closing  of  flowers,  744. 
Operculum,  331,  341,  301,  308  (Fig. 

253). 
Opposite  members,  25. 
Optimum-temperature,  071. 
Orbicular,  530. 
Organs,  2. 

reproductive,  «)7,  188. 
vegetative,  37. 
Organic  acids,  708,  728. 
Organised  ferments,  723. 
Origin  of  species,  780. 
Ortbostichy,  25,  26  (Figs.  14,  15). 
Orthotropic  members,  768. 
OrtbotropouB  ovule,  437  (Fig.  284). 
Osmosis,  008,  700. 
V.  s.  B. 


Ovary,  79,  433,  495. 

Ovate,  54. 

Ovule,  71,  189,  433. 

anatropous,  437  (Fig.  284). 

ascending,  525. 

campylotropous,  437  (Fig.  284). 

erect,  525. 

horizontal,  525. 

orthotropous,  437  (Fig.  284),  525 
(Fig.  338). 

pendulous,  525. 

suspended,  525. 
Oxalic  acid,  708,  729. 
Oxygen,  710,  712. 

absorption  of,  722,  720. 

evolution  of,  716  (Fig.  475). 

Palea  of  Compositss,  002. 

of  Ferns,  395. 

of  Grasses,  545. 
Palisade-tissue,  163  (Fig.  125),  680. 
Palmate,  50  (Fig.  30). 
Palmatifid,  53  (Fig.  32). 
Palmitic  acid,  708. 
Palmitin,  708. 
Panicle,  493. 
Pappus,  460,  600  (Fig.  462),  661  (Figs. 

464,  400). 
P-aracorolla,  515. 
Paraheliotropism,  689,  748. 
Paralinin,  95. 
Paramylon,  111. 
Parapbysis,  264  (Fig.  190),  299,  311, 

358,  392,  425. 
Parasites,  273,  589,  647,  711. 
Parastichy,  27. 

Paratonic  effect  of  light,  674,  744. 
Parenchyma,  131,  163  (Fig.  125). 

functions  of,  676. 
Paripinnate,  52  (Fig.  32),  407. 
Parthenogenesis,  87,  246,  771. 
Partite,  64. 
Passage-cells,  162. 
Pedate,  50  (Fig.  80).  381. 
Pedicel.  77,  490. 
Pedicellate,  77. 
'    Peduncle,  77. 
!    Peg,  14. 
Peloria,  512. 
Peltate,  51  (Fig.  31). 
Pentacyclic,  502. 
Pentamerous,  500. 
Peptones,  707,  725. 
Perfoliate,  48  (Fig.  29). 
Perianth,  76,  432. 

-leaves,  79,  494,  091. 
Periblem,  140. 
Pericambium,  107. 
Pericarp,  112  (Fig.  70),  271,  529  (Fig. 

344). 
Perichaetial  leaves,  85,  357. 
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Perichgetium,  85,  336. 

Periclinal,  145. 

Pericycle,  151, 168  (Figs.  130, 131). 

Periderm,  132,  208,  210  (Fig.  155). 

Peridiolum,  318. 

Peridium,  312. 

Perigynium  of  Carex,  552. 

of  Liverworts,  338  (Fig.  235). 
Perigynous,  495  (Fig.  310). 
Perinium,  118,  292,  410. 
Periodicity  of  growth,  738,  745  (Fig. 

480). 
Periplasm,  291. 
Perisperm,  440,  458  (Fig.  295),   561, 

594  599 
Peristome,'  361,  368  (Fig.  252). 
Peritbecium,  295,  299. 
Permanent  tissue,  131. 
Personate,  511. 
Petal,  79,  494,  691. 
Petaloid,  79. 
Petiole,  45,  48,  690. 
Petiole-climbers,  591,  614,   690  (Fig. 

473),  743. 
Pbelloderm,  208,  213. 
Pbellogen,  208. 
Phloem,  170,  181. 
Phloem-islands,  205. 
Phosphorescence,  732. 
Phosphorus,  713. 
Phototaxis,  747. 

Phototonic  effect  of  hght,  674, 760,  765. 
Phototonus,  674,  760. 
Phycocyanin,  221. 
Phycoerythrin,  99,  221. 
Pbycopbioin,  221. 
Phycoxantbin,  99. 
Phylloclade,  45  (Fig.  26). 
Phyllode,  49. 
Pbylloid  branches,  684. 
Phyllopodium,  45. 
Pbyllotaxis,  27. 

of  flower,  496. 
Physical  functions  of  tissues,  674. 
Physiology,  666. 
Physiological  differentiation,  2. 
Pileus,  310  (Figs.  221,  222), 
Piliferous  layer,  158. 
Pinna,  52. 

Pinnate,  50  (Fig.  30). 
Pinnule,  52. 
Pistil,  521. 
Pitcher,  690. 

Pith.  151,  166  (Fig.  130),  169. 
Pitted  wall,  105  (Figs.  59,  61),  128. 
Placenta,  72,  374,  390,  408,  436,  524. 
Placental  scale,  469. 
Placentation,  524  (Fig.  338). 

axial,  525. 

axile  or  axillary,  524. 

basal,  525. 


Placentation,  free-central,  525. 

marginal,  524. 

parietal,  524. 

superficial,  524. 
Plagiotropic  members,  758. 
Plane  of  symmetry  of  flower,  507. 
Planogametes,  81,'  225,  247  (Figs.  176, 

177),  261  (Fig.  187). 
Plasmodium,  89,  274,  283  (Fig.  198). 
Plastic  products,  670,  727. 
Plastid,  95,  97. 
Pleiochasiura,  35. 
Pleiomery,  501. 
Pleiotaxy,  502. 
Plerome,  146  (Fig.  110). 
Pleurocarpous,  356. 
Pleurogynous  stigma,  524. 
Plumule,  20,  446. 
Pod,  531. 
Podium,  33. 
Polar  bodies,  82,  772. 
Pollen-chamber,  470. 

development  of,  125  (Fig.  85). 

-grain,  70,    434    (Fig.    282),    447 
(Fig.  288),  520. 

-sac,  71,  189,  433  (Fig.  281). 

-tetrads,  434,  564. 

-tube,  14,  86,  435  (Fig.  283),  449 
(Fig.  289,  290),  457,  527. 
Pollination,  452,  774. 
Pollinium,  434,  456   (Fig.  294),  564, 

651  (Fig.  452). 
Polliuodium,  83,  276,  291  (Fig.  202), 

296  (Fig.  207). 
Polyadeljihous,  518. 
Polyandrous,  518. 
Polyaxial,  489. 
Polycarpic  (Fungi),  286. 
Polycarpous,  462. 
Polycyclic,  502  (Fig.  31(5) . 
Polyembryony,  441,  471,  770. 
Polygamous,  358,  432,  515. 
Polyhedron-stage,  242. 
Polymerous,  522. 

Polymorphism,  2,  4,  231,  244,  278. 
Polypetalous  corolla,  514. 
Polyphyllous,  514. 
Polysepalous  calyx,  514. 
Polystely,  146,  152. 
Poly  symmetrical,  9,  507. 
Polysiphonous,  259.  267. 
Pome,  528. 
Pore,  339  (Fig.  241). 
Porous  capsule,  532  (Fig.  342). 
Positive  geotropism,  682. 

heliotropism,  685,  750. 

hydrotropism,  683,  755. 
Posterior,  499. 
Potassium,  714,  717. 
Potential  energy,  668,  718,  731 

gametophyte,  3. 
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Potential  parasites,  711. 

saprophytes,  711. 
Prefloration,  59. 
Prefoliation,  59. 
Prickle,  60  (Fig.  41). 
Primary  bast,  181. 

bundle,  180. 

differentiation  of,  175. 

desmogen,  151,  176. 

cortex,  160,  207,  213. 

members,  15. 

meristem,  145. 

root,  15,  373. 

shoot,  15. 

wood,  176,  180. 
Primordial  cell,  94. 
Procambium,  151,  176. 
Procarp,  83,  220,  225,  228,  268  (Figs. 

194,  195). 
Products  of  metabolism,  670,  727. 
Progressive  succession,  23. 
Proliferation,  76. 

Promycelium,  279,  289  (Fig.  200),  305 

(Fig.  215),  307  (Figs.  217,  218). 

Prophyllum,  79,  493,  505  (Figs.  519, 

520). 
Prosenchyma,  131  (Fig.  90),  132,  190, 

196. 
Protandrous,  454. 
Proteids,  707,  720,  724,  727. 
Proteid  crystalloids,  112,  707. 

grains,  112  (Figs.  68-70). 
Proteolytic  enzyme,  680,  724. 
Prothallium,  372,  375,  397  (Figs.  263- 
265),  413  (Fig.  270),  423  (Fig. 
276),  428  (Fig.  278),  448  (Figs. 
289,  290),  450  (Figs.  291,  292). 
Protocorm,  421,  424. 
Protogynous,  454. 
Protonema,    14,  324  (Fig.  232),  333, 

354,  365  (Fig  249). 
Protophloem,  167  (Fig.  130),  176. 
Protoplasm,  4,  89,  93,  95. 

continuity  of,  91  (Fig.  45). 

properties  of,  6(>7. 
Protoxylem,  167  (Fig.  130),  176  (Fig. 

135). 
Pseudaxis,  33,  35,  492. 
Pseudo-bulb,  44. 
Pseudocarp,  458,  528. 
Pseudogamy,  777. 

Pseudo  monocotyledonous  embryo,445. 
Pseudo-plasmodium,  283. 
Pseudopodium,  69,  283. 

of  Bryophyta,  328,  357,  362,  364 
(Fig.  218). 
Pulvinus,  46,  755,  761. 
Pycnidium,  75,  278,  296. 
Pyrenoid,  100  (Figs.  54,  55),  241,  244, 

353. 
Pyrenin,  06. 


Pyxidium,  531  (Fig.  342),  653. 

Quadrant-wall,  329,  372. 
Quadrilocular  anther,  519. 
Quincuncial,  60. 
Quinin,  707- 

Baceme,  490. 

Racemose    inflorescences,    490    (Fig. 

309). 
Radial  arrangement,  of  members,  24 
(Figs.  11-15). 

longitudinal  section,  7. 

of  bundles,  175. 

symmetry,  8,  9  (Fig.  2),  507. 
Radiant  umbel,  624. 
Radicle,  446. 
Ramenta,  395. 
Raphe,  437  (Fig.  284). 
Raphides,  113  (Fig.  72),  729. 
Rate  of  growth,  738,  745  (Fig.  480). 
Receptacle,  76,  85,  268,  325,  357,  494. 
Receptive  spot,  102,  116,  227. 
Reciprocal  hybridisation,  775. 
Regular  flower,  507. 
Region  of  elongation,  738,  761. 
Rejuvenescence  of  cells,  115  (Fig.  74). 
Replum,  531  (Fig.  342),  603. 
Reproduction,  67,  670,  766. 
Reproductive  organs,  67. 

asexual,  70. 

sexual,  79. 

property  of  protoplasm,  667. 
Reserve  materials,  727. 
Resin,  709,  728. 
Resin-ducts,  140  (Fig.  102),  466. 

-sac,  140  (Fig.  104). 
Respiration,  669,  722,  726. 
Resupinate,  511,  563. 
Retardation  of  growth  by  light,  674. 
Reticulate  vessels,  104. 
Retinaculum,  456,  565. 
Reversion,  779. 
Rhachis,  76. 
Rhipidium,  36. 
Rhizine,  274,  322  (Fig.  229). 
Rhizogenic  cells,  187,  373,  395. 
Rhizoid,  324,  355. 
Rhizome,  42  (Fig.  23). 
Rhizophore,  427. 
Rib,  51. 

Ricinolein,  708. 
Ring,  79,  417  (Fig.  272). 
Rise  of  temperature  in   germinating 

seeds,  732  (Fig.  476). 
Roots,  5,  7,  61  (Fig.  39). 

adventitious,  62,  189. 

aerial,  63,  155  (Fig.  117),  682. 

branching  of,  62,  186  (Fig.  142). 

functions  of,  680. 

primnry,  62. 
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Roots,  structure  of,  61,  146  (Figs.  Ill, 

114,  115),  154,  161,  165  (Figs. 

127,  129,  131),  177  (Figs.  185, 

136),  187  (Fig.  142). 
Root-caD,  61,  147  (Fig.  Ill),  211,  682. 
Root-hairs,   65,    158   (Fig.    123),    681 

(Fig.  468). 
Root-pressure,  700,  764. 
Root-tubercles,  713. 
Rostellum,  456  (Fig.  294),  564. 
Rotate,  514  (Fig.  329). 
Rotation  of  protoplasm,  733. 
Ruminated  endosperm,  595,  597. 
Runner,  42. 

Sac,  139,  140  (Fig.  103). 

Sagittate,  54. 

Salicin,  708. 

Samara,  531,  579  (Fig.  381),  616  (Fig. 

418). 
Saprophyte,  273, 283, 293, 3 10, 656, 711. 
Scalariform  vessels,  104. 
Scaly  leaves,  58. 
Scape,  493. 

Schizocarp,  529  (Fig.  341). 
Schizogenous,  130,  139. 
Schizostely,  152  (Fig.  116). 
Scion,  767. 

Sclerenchyma,  132,  160,  196. 
Sclerenchymatous  tissue,  function  of, 

676. 
Sclerotic  cells,  133  (Figs.  92,  93). 
Sclerotium,   68,   275,    285,  295  (Fig. 

212). 
Scorpioid  cyme,  36,  492. 

dichotomy,  33,  (Fig.  18). 
Scutellum,  533  (Fig.  346). 
Scutiform  leaf,  412. 
Secondary  bast,  192,  199. 

conjunctive  tissue,  200. 

cortical  tissue,  213. 

desmogen,  202. 

extra-stelar  tissue,  207. 

members,  19  (Fig.  7). 

sclerenchyma,  196. 

stelar  tissue,  abnormal,  204. 
normal,  191. 

tegumentary  tissue,  208. 

tissues,  differentiation  of,  202. 

tracheal  tissue,  194. 

wood,  194  (Fig.  148). 

wood-parenchyma,  195. 
Secretion,  137,  143  (Fig.  108). 
Secretum,  137,  143. 
Sectile  pollinium,  564. 
Seed,  74,  88,  218,  431,  458  (Fig.  295). 
Segmentation  of  apical  cell,  148  (Figs. 

112-115). 
Segmentation  of  body,  5. 
Self-pollination,  453. 
Semi-amplexicaul,  47. 


Sensitive  petiole,  690  (Fig.  473). 

plant,  689  (Fig.  472),  742,  756. 
Sepal,  79,  494,  691. 
Septate  body,  89,  273. 
Septicidal  dehiscence,  531  (Fig.  343). 
Septifragal  dehiscence,  531. 
Septum,  121,  133,  197. 
Serrate,  52,  54. 

Sessile,  49  (Fig.  28),  77,  490,  517. 
Seta,  75,  330,  334,  360. 

of  Carex,  551. 
Sex,  773. 
Sexual  affinity,  774. 

generation,  3. 

organs,  86. 

process,  3,  69,  275,  770,  776. 

reproduction,  80,  225,  275,  772. 
Sexuality,  772. 
Shield,  252. 

Shoot,  5,  6,  41  (Fig.  22),  184. 
Sieve-plates,  136  (Fig.  97),  199. 

-tissue,  135  (Figs.  97,  98),  678. 

-tubes,  136  (Fig.  97),  199. 
Silicon,  710,  716. 
Silicula,  531,  604  (Fig.  407). 
SiUqua,  531  (Fig.  342),  604  (Fig.  407). 
Simple  gonidiophore,  278. 

leaf,  52. 

inflorescences,  490. 

sporophores,  278. 
Simultaneous  whorls,  24. 
Sleep-movements,  689. 
Sliding  growth,  203. 
Sodium,  710,  716. 
Soft  bast,  199. 

Soredium,  68,  321  (Fig.  227). 
Sorosis,  528,  561. 

Sorus,  71.  75,  85,  307,  374,  390  (Figs. 
257,  260),  432. 

bisexual,  87. 

unisexual,  87. 
Spadix,  490. 
Spathe,  79,  490. 
Species,  218. 

Specific  absorbent  capacity,  694. 
Spermatium,  81,   116,  228,  268,  277, 

297  305. 
Spermatozoid,  3,  81,  115,  227  (Figs. 
190,  191),  326  (Figs.  223,  224), 
377,  400  (Fig.  266). 
Spermogonium,  85,  276,  297,  305,  320 

(Fig.  226). 
Sphffirocrystal,  114  (Fig.  73). 
Spicate  capitulum,  492. 

raceme,  492. 
Spicular  cells,  467. 
Spike,  490  (Fig.  309). 
Spikelet,  490. 
Spine,  59  (Fig.  38),  161. 
Spiral  arrangement,  27  (Fig.  15). 

vessels,  104  (Fig.  58). 
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Spongy  parenchyma,  162  (Fig.  125), 

G86. 
Spontaneous  movement,  670,  692. 
Sporangium,  70,  189,  230,  278,  374, 

433. 
Spore,  2,  122  (Fig.  80),  126,  229,  375, 
434,  438,  671. 

asexually  produced,  69. 

development  of,  125  (Fig.  84). 

-reproduction,  68,  768. 

-sac,  361. 

sexually  produced,  69. 
Sporidium,  300,  305  (Figs.  215,  217, 

218). 
Sporocarp,  407  (Fig.  269). 
Sporogonium,  324,  332,  360, 369  (Figs. 

251,  253). 
Sporophore,  70,  75,  278. 
Sporophyll,  59,  70,  77,  432. 
Sporophyllary  leaves,  691. 
Sporopbyte,  2,  69,  217,  298. 
Sport,  779. 
Spur,  511. 
Spurious  fruit,  528. 

tissue,  92. 

whorl,  24. 
Squamulse  intravaginales,  536. 
Stamen,  78,  432. 
Staminate  flower,  78,  432,  515. 
Staminodium  or  staminode,  518, 
Starch,  109,  708,  717,  724,  727. 

-grains,  98  (Fig.  51),  109  (Fig.  67). 

-sheath,  705. 

-stars,  68,  255. 
Stearin,  708. 
Stele,  146,  151. 
Stem,  5,  6. 

function  of,  683. 

herbaceous,  44. 

monostelic,  146,  173. 

polystelic,  146,  173. 

-tendril,  43  (Fig.  24),  619. 

trunk,  44. 

twining,  43  (Fig.  24),  647. 

winged,  44. 
Stereom,  183,  144,  161  (Fig.  12i),  170, 

676. 
Sterigma,  75.  276,  289,  296  (Fig.  205), 
301  (Fig.  211),  305  (Figs.  215, 
217),  312  (Figs.  219,  220,  223). 
Stichidium,  75,  268  (Fig.  193). 
Stigma,  433.  523  (Fig.  387). 
Stimulus,  670. 
Stipe,  310. 
Stipel,  48. 

Stipule,  47  (Fig.  28). 
Stock,  767. 
Stolon,  42. 

Stomata,  155  (Fig.  118),  156  (Fig.  119), 
157  (Fig.  120). 

function  of,  69M,  im. 


Stomium,  395. 

Stratification  of  cell-wall,    105  (Fig. 
60). 
,    Streaming  of  protoplasm,  735. 
!    Striation  of  cell-wall,  106  (Fig.  64). 
'    Stroma,  295,  .301  (Fig.  212). 
j    Strophiole,  460. 

Strychnin,  707. 

Style,  433,  523  (Fig.  337). 

Stylogonidium,  278. 

Sub-hymenial  layer,  311  (Fig.  219). 

Subtending  leaf,  31. 

Successive  whorls,  24. 

Succulent  fruits,  529,  532. 
i    Succulent  plants,  catabolism  of,  725. 

Succubous  leaves,  346  (Fig.  244). 

Sucroses,  708. 

Sugars,  708. 

Sulphobacteria,  719,  731. 
!    Sulphur,  710,  713. 
I   Superior  ovary,  495. 
I   Superposed  members,  25,  497. 
j   Supply  of  energy,  717,  730. 

Suppression,  505. 

Suspensor,   14,    372,   424   (Figs.  275, 
278,  279),  441  (Figs.  286,  287). 

Syconus,  528,  578  (Fig.  379). 
!    Symbiosis,  273,  319,  347,  412,  710, 713. 

Symmetry  of  body,  8  (Figs.  1-4). 
of  flower,  507  (Figs.  322-328). 

Sympodium,  33,  36. 

Synandrium,  518,  539. 
:   Synangium,  72,  375,  383. 

Synaptase,  724. 

Syncarpous,  521  (Fig.  335),  529. 

Syncyte,91,  118,  129,  141. 

SynergidoQ,  451  (Fig.  292). 

Syngenesious  anthers,  518. 

Systems  of  classification,  216. 

Systole,  736. 

Tangential  longitudinal  section,  7. 

Tannin,  708,  729. 

Tapetum,  73,  385,  393,  410,  4.33,  438, 

519. 
Tap-root,  62,  464. 
Tartaric  acid,  708. 
Tegumentary  tissue,  144. 

function  of,  675. 

primary,  153. 

secondary,  208. 

-system,  144. 
Teleutogonidium,  278,  805  (Figs.  214- 

217),  314. 
Teleutospore,  278. 
Temperature,  671. 

Tendril,  43  (Fig.  24),  58,  619,  685,  743. 
Tentacle,  66  (Figs.  42,  43),  711. 
Terebene,  709. 
Terminal  bud,  20. 
Ternate,  53  (Fig.  32). 
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Terpenes,  709. 

Testa,  459. 

Tetracyclic,  501. 

Tetrarch,  179. 

Tetradynamous,  518,  602. 

Tetragonidangium,  75,  230. 

Tetragonidium,  69,  230,  267. 

Tetraspore,  263. 

Thalloid  slioot,  5,  38. 

Thallophyte,  5. 

Thallus,  5,  37,  184,  220,  222. 

Theca  of  Bryophyta,  71,  75,  360,  369 

(Fig.  252), 
Thecse  of  anther,  516. 
Thein,  707. 
Theobromin,  707. 
Theory  of  apposition,  762. 

of  intussusception,  762. 

of  reproduction,  780. 
Thorn,  44  (Fig.  25),  684. 
Tissue,  91,  128. 

aqueous,  161,  164. 

conjunctive,  151,  200. 

cuticularised,  132  (Fig.  91). 

embryonic,  131. 

extra-stelar,  159,  207. 

formation  of,  121,  123,  128. 

forms  of,  92,  131. 

functions  of,  674. 

glandular,  137  (Fig.  100),  204,679. 

ground-,  144  (Fig.  109),  159. 

heterogeneous,  92. 

homogeneous,  92. 

intra-stelar,  159, 166,  191. 

sclerenchymatous,  132  (Fig.  94), 
676. 

secondary,  191  (Figs.  143-158). 

sieve-,    135    (Figs.   97-99),    181, 
678. 

spurious,  92. 

-systems,  144. 

tegumentary,  144  (Fig.  109),  153, 
160,  208,  675. 

thick- walledparenchymatous,  132. 

thin- walled  parenchymatous,  131 
(Fig.  91). 

tracheal,  133  (Fig.  95),  170,  677. 

vascular,  170. 
Torsion,  12. 

of  twining  stems,  759. 
Torus  of  bordered  pit,  129  (Fig.  88). 

of  flower,  77,  494. 
Trabecule,  71.  385  (Fig.  256). 
Tracheee,  134  (Fig.  95),  180,  194,  203. 
Tracheal  tissue,  133,  170.  677. 
Tracheid,  134  (Fig.  95),  200  (Fig.  151), 

203  (Fig.  153). 
Trama,  311  (Fig.  219). 
Transfusion-tissue,  169,  465. 
Transition  from  root  to  stem,  179. 
Transmission  of  stimuli,  756. 


Transpiration,  669,  686,  696. 

-current,  699,  702. 
Transverse  section,  7. 
Trichogyne,  84,  228,  250  (Fig.  179), 
268  (Figs.  194,  195),  296  (Figs. 
207,  208). 
Trichothallic  growth,  223. 
Trichophore,  270  (Fig.  195). 
Trimorphic  flowers,  455,  630. 
Tripinnate,  52. 
Truncate,  54. 
Trunk,  44. 

Tuber,  41  (Fig.  22),  565  (Fig.  371). 
Tubercles  of  roots,  713. 
Tuberous  root,  63,  683. 
Turgescence,  668. 
Turgid,  668. 
Turgidity,  668. 
Twining  of  climbing-stems,  43,  759. 

of  tendrils,  743. 
Turpentine,  708. 
Tyloses,  135  (Fig.  96). 
Tyrosin,  707,  724. 

Umbel,  491  (Fig.  309),  625. 
Umbellule,  491. 
Umbo,  485. 
Uniaxial,  39,  489. 
Unijugate,  52. 
Unilocular  ovary,  522. 

sporangium,  71. 
Unisexual,  87,  432,  515. 
Unorganised  ferments,  669,  722. 
Unseptate  body,  89,  222,  238,  273. 
Uredogonidium,  278,  305  (Figs.  214, 

216),  314. 
Uredospore,  278. 
Urn,  368. 
Utriculus,  551  (Fig.  358). 

Vacuole,  93  (Fig.  46),  113. 

contractile,  102,  73(5. 
Vaginula,  330,  362. 

Vallecular  cavities,  153  (Fig.  116),  418. 
Valve  of  Diatoms,  258. 

of  fruits,  531. 
Valvular  dehiscence   of  anther,  520, 

596  (Fig.  400).     ' 
VariabiUty,  779. 
Variation,  777. 

in  direction  of  growth,  739. 

in  rate  of  growth,  738. 
Variety,  218,  778. 

Vascular  bundles,  170,  172  (Figs.  132- 
139),  194  (Fig.  146). 

tissue -system,  144,  170. 
Vegetative  cell,  387,  430,  448  (Figs. 
289,  290). 

organs,  37. 

reproduction,  67,  767. 

reproductive  organs,  13,  767. 
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Velamen,  134, 155  (Fig.  117),  682. 
Velum,  72,  311,  312  (Fig.  222),  384 

(Fig.  256). 
Venation,  free,  55  (Fig.  33). 

furcate,  55. 

parallel,  55  (Fig.  34). 

reticulate,  55  (Fig.  35). 
Venter,  320,  376. 
Ventral  canal-cell,  82,  117,  326,  377. 

scales,  334,  330,  340,  342. 

suture,  522. 
Vernation,  59,  742. 
Versatile  anther,  517  (Fig.  331). 
Verticillaster,  493,  642. 
Vessel,  134. 

Vexillum,  635  (Fig.  435). 
Vital  functions  of  the  tissues,  674. 
Vittse,  625  (Fig.  426). 
Volatile  oils,  708. 
Volva,  312,  319. 

Wart,  66. 

Waste  products,  670,  727,  728. 
Water-culture,  715  (Fig.  474). 
Water,  absorption  of,  693. 
distribution  of,  700. 
-stoma,  138  (Fig.  100),  157  (Fig. 
121),  730. 


Wax,  155. 

Whorl,  23  (Fig.  11),  25  (Fig.  12),  496. 

Wings  of  fruits,  531,  617. 

of  leaf,  45. 
Witches'  brooms,  711. 
Wood,  170  (Figs.  120,  130,  133,  134, 

137),  194,  077. 
Wood-parenchyma,  132,  195. 
Woody  fibre,  190  (Fig.  148). 
Woronin's  hypha,  298. 

Xerophilous  plants,  628,  675,  087. 
Xylem,  170  (Figs.  127,  139,  140,  147), 
677. 

Zinc,  716. 

Zonate  tetragonidia,  267. 

Zoocyst,  285. 

Zooglcca-stage,  281  (Fig.  197). 

Zoogonidium,  69,  1:15  (Figs.  74,  75), 

226,  243,  283,  286,  291  (Figs. 

203,  204). 
Zoospore,   69,   229,   247    (Figs.    176, 

178). 
Zygomorphic  symmetry,  8,  10,  508. 
Zygospore,  80,  118  (Fig.  76),  220,  225, 

229,  242,  244  (Figs.  173,  175, 

176). 
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